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PREFACe TO THE FIRST EDITION. 


The book is based on the experience gained in the 
Chemical Laboratory of the Tata Iron and Steel Works, 
Jamshedpur, from 1918 to 1923, and in the Department 
of Mining and }detallurgy of the Benares Hindu Univer- 
sity, silica 1923, when the Department was first establi- 
shed. It will 5e seen that the author has been in no 
hurry to rush to print and add yet another to the fair 
number of books on the subject of ‘Metallurgical Analy- 
sis’, Many a student has expressed his difficulty in 
following those available in that they either assume too 
much on his part and omit important details, or give 
too m my details. The student is at Sea when called 
upon to make a determination, for want of sufficient 
details or he is lost in a multitude of details, without 
the ability to state precisely the principle on which a 
particular determination or a separation is based. The 
author believes that he has tried to set forth clearly 
both the principles of each determination, and the 
procedure. 

Though the book has been written primarily to 
meet the needs of the students preparing for the B. Sc. 
degree Examinations in Mining and Metallurgy of the 
Benares Hindu University, it is hoped that it will be 
serviceable to those engaged as chemists and metallur- 
gists in railway workshops and to those chemists 
employed in the control laboratories of the fair number 
of steel works in this country making steel by the elec- 
tric furnace process. 

\ 

No apology is heeded for including methods for the 
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testing of lubricants, as chemists in a steel works and 
in railway workshops are often called upon to report 
on the qualities of lubricants. 

The establishment of aluminium industry in this 
country is almost an accomplished fact and methods for 
a few estimations in connection with the analysis of the 
raw materials and the tinished products of this industry 
have been included. ^ 

In a branch of analysis which has beeiy’.'?o from 
the year 1830, wlien steel-making by fhodern methods 
may be said to have begun, it is not possible to write 
anything original and the author is speciall]'' indebted 
to the following works of reference : — 

1. Analytical Chemistry, Volume 11, by F. P. Tread- 
well and W. T. Hall, 

2. The jMethods of the Chemists of the United 
States Steel Corporation, 

3. Applied Inorganic Analysis by W. F. Ilillebr- 
and G. Fi. F. Lundcll, 

4. The British Aluminium Co’s publication entitled 
‘Analysis of Aluminium and Its Alloys’. 

5. Select Methods of klctallurgical Analy'sis by W. 
A. Naish and J H. Clennell and 

6. The B. D. H. Book of SPOT TE^STS, 1941 
Edition. 

The author s grateful tlianks are due to the follow- 
ing firms, organisations and gentlemen for permission 
to reproduce illustrations from their catalogues and 
publications and for the loan of blocks : 

Messrs. Griffin and Tatlock, Ltd., London, 

„ Gallenkamp and Co., Ltd,, i 

The American Society for Testii^g Materials, Phila- 
delphia. . 
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The Indian Stores Dept., Government of India, His 
Majesty’s Stationery Office, London, 

The Balance Works, Benares, 

Nand Kishore and Brothers, Benares 
and Prof. M. L, SchrofF, Head of the Department of 
Pharmaceutics, Benares Hindu University. 

The co-operation of the following firms by present- 
ing. to ,the Department specimens of raw materials, 

< • * « 

intcrmcdiate'l>nij finished products has been invaluable 
and the author’s thanks ate due to them : — 

' 1. The Tata Iron and Steel Co., Ltd., 

2. The Indian Copper Corporation, Ltd., 

3. The Mysore Iron Works. 

4. The Oorgaum Alines, Ltd., and 

5. The Burma Corporation, Ltd. 

Thanks are due to Dr. Daya Swarup, Head of the 
Department of Mining and Metallurgy, for permission 
to reproduce drawings of furnaces in the Fire-Assay 
Laboratory and to publish analytical data regarding 
materials analysed in the Department. 

Thanks arc also due to my colleague, Mr. U. V. 
Bhat, for help in coirecting the proofs. 

Suggestions for the iiiiproveraent of the book will 
be gratefully accepted. 


Benares Hindu University, 
.^I'ebrmrj 1943. 


V. G. Iyer 



PREFACE TO THE SECOND EDITION. 

In response to suggestions from those fellow- 
workers in charge of the control laboratories of large 
centres of production of metals who reviewed the first 
edition of this book and from those who use it regularly, 
the subject-matter has been rearranged and division 
into ‘Chapters’ made. It is hoped that this procedure 
will facilitate ready reference to sectiqn^ or exercises 
in which one is interested. Passing'^ mention may 
be made of the following additions : — Separations 
involving the use of ethyl ether, determination of 
aluminium, arsenic, titanium and nitrogen in Steel 
and of sulphur in Steel by the combustion-titration 
method. 

The author’s grateful thanks ate due to the Council 
of the Iron and Steel Institute for their permission to 
reproduce from their Journal illustrations of the appa- 
ratus used for the determination referred to last, namely, 
sulphur in Steel. 

Owing to the continuance of war-time controls 
even after the cessation of hostilities, making it difficult 
to import apparatus involving the application of ad- 
vances in Physics to the speeding up of the processes of 
analysis, like the Spekker Absorptiometcr, the Quartz 
Spectrograph, the Carbometer, etc., the author lias 
been obliged to rest content with the rearrangement 
and description of those methods only of which he has 
had long experience. He hopes that this present 
edition with all its imperfections, will be accorded 
the same kind reception as the first. 

Benares Hindu University, 

July 1947- 3 


V. G. Iyer. 
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CHAPTER I 


THE BALANCE. ITS ADJUSTMENT AND USE. 

The most essential requisites of a balance serviceable 
for purposes of quantitative analysis are that it must 
be accurate and sensitive. It fulfils the first condition 
it'tjae two arms of the lever are of equal length, 'if the 
point of suppaj;t^lies above the centre of gravity, and 
if the fulcrum, ^hich is a knife edge, and the knife 
edges from which the pans are suspended lie in the 
same plane and are parallel to one another. 


'rhe sensitiveness of a balance may be expressed by 
the equation: 


1 . 

Tan oc = — j 


where « * angle of swing of the pointer from its 
position of rest, p sthe small difference in weight 
between the loads on the two pans, 

1 ss the length of the beam, 
q s the weight of the beam, 
and dsthe distance between the point of 
support and the centre of gravity. 

All good balances are provided with a device by 
of which d may be adjusted. This consists of a 
metallic bob known as the moment of inertia bob 
which can be moved up and down a screw upright fixed 
to the middle of the beam. By increasing by means 
of this device, the sensitiveness is diminished wheteas 
by decreasing dy it is increased. This last operation 
increase*? the time of swing so that the time taken to 
make a weighing is correspondingly incr^scd. To 
liable the weighing operations to be carried out 
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more expeditiously without any impairment of 
accuracy. Lord Rayleigh loaded the pointer with a 
sphere which can be slid up or down its entire length. 
The turning points of the pointer are observed through 
a magnifying glass. The greater accuracy in reading 
compensates for the somewhat decreased sensitiveness. 

In the Laboratory of this College, we have balances, 
of both types : orie type where d can be varied by the 
movement of the moment of inertia bob .afid the other 
-type where Lord Rayleigh’s principle'' of loading ithe 
pointer is incorporated. 

Use of the Balance. 

See that the feet of the balance lie in the horizontal 
plane. This is secured by means of a spirit-level. 
Some types of balance rest on four legs each of which 
can be raised or lowered; some have three legs each of 
which can also be raised or lowered while others have 
three legs of which only two are adjustable. The first 
type is levelled by placing the spirit-level along a line 
joining any two legs and adjusting these until the air- 
bubble comes to the middle of the level-scale. Next, 
it is placed in a position at right angles to the previous 
position, the remaining screws being now adjusted. 

The second type is adjusted as follows : — 

Place the level approximately along a line joining 
any two screws and adjust till the air bubble comes to 
the middle. Next place the level at right angles to the 
previous position and adjust the remaining screw uptil 
the bubble comes to the middle. 

The adjustment for the third type is as follows : — 
Place the level along a line joining one screw-leg 
with the one without screw and adjust as described 
isfcxt place along a line joining, the other 
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screw-leg with the one witliout screw and again 
adjust as described above. The balances in use in the 
College are of the first and last types. 

Weighing by the Method of Oscillation. 

Determine the resting point of the balance (Fig. 1 a) 
at Zero-load. To do this, release the beam gently by 



Fig. 1 a 

turning the handle in front or at the side and blow on 
one of the pans gently. Ignore the readings of the 
pointer corresponding to the first two swings. This is 
for the purpose of avoiding any error due to hard, 
instead of gentle, blowing on one of the pans. Note the 
extreme divisions on the scale over which the pointer 
moves. Take the extreme left graduation as Zero and 
note the readings corresponding to the swing of the 
pointer on the left and on the right. Do this 3 or 4 times 
taking the consecutive readings. Enter as foflows : — 


4 




Right. 


4 

20 


4*5 

19 


5 

19 


5*5 


Total 

19 

58 

Mean 

4*75 

19.3 


Sum of the Means = 24*05 

24*0 

Average of the sum of the Means = .= 12*0 

Then put the body to be weighed on the left hand 
pan and the weights on the right hand pan. Suppose 
a point of equilibrium is nearly attained with a weight 
of 23*404 gms. In this case find out the resting-point 
as described above. Thus 


'L.eft. V^ight. 

5 21 

6 20 
6 

•Total 17 41 

Mean 5-6 20*5 


Sum of the Means is 5*6 + 20*5 = 26*1 

26*1 

Average ofthe Sum of the Means = - 2 =13*05 

Increase the weight to 23*405 gms. and find out 
the resting-point as above. Let it be 11*5. The addi- 
tion of I mgm. has produced a shift of 1.5 divisions in 
the resting-point. To produce a shift of 1 division, 2/3 
or *66 mgm. must be added. Thus the weight of ithe 
body is 23*4047 gms. . This method of weighing is 
known as the method of weighing by oscillation. 

*0007 gm-. is the sensibility of the balance at a load 
of 20-25 gms., this being the weight require^ to shift 



5 


the resting-point through one division when the mass 
weighed is about 20-25 gms. The sensibility of a 
balance is expressed sometimes also as the number of 
divisions of shift of the resting-point produced by the 
addition of 1 mgm. to one of the pans. It is a factor 
which varies with the load and is different for different 
balances. Draw up a table of sensibility for loads of 

60 gms. 

> , 20 gms. 

1 0 gmsT. , 

5 gms. ' 
and 2 gms. 

In recent years balances known as the ‘Chainomatic’ 
(Fig. lb) have been introduced. With these it is possible 



Fig. 1 b 

to carry out a weighing operation more expeditiously 
than formerly, as no fractional weights of less than 
0.100 *gm. denomination ate required and the use 




of a rider is dispensed with. A chain made of thin 
gold wire has one of its ends attached to the beam, the 
other end being suspended from a hook fixed to a ver- 
nier attachment which moves over a vertical scale. 
The vernier is moved up and down the scale by tutning 
a handle at the side. The effective weight of the chain 
can be read off on the scale, each scale division corres- 
ponding to a mgm. and the position of the vernier 
scale gives the weight to the tenth of a mgm. . 

Rules to be observed in using tl^e Balance 

I ; 

(1) Things should not be weighed before they are 
cooled to the temperature of the balance room. 

(2) The beam should be at rest when adding or 
removing weights. 

(3) No chemical should be weighed directly on the 
pan. 

(4) Weights must always be handled with the pair of 
forceps provided for the purpose. 

(5) The adjustments must not be tampered with by 
a beginner. 

Note; — It is not necessary that the zero at ‘no load’ 
should be the middle division of the scale over which 
the pointer moves. If there are 24 divisions on the 
scale, the zero at ‘no load’ may lie at 10 or 15 or 
anywhere between. Weighings made with the zero at 10 
or 15 are as accurate as weighings made with the zero 
at 12. Hence no time should be lost in always bringing 
the zero at *no load’ to 12. If the zero lies at 5 or 6, 
it is necessary to bring it near 12. This is done in 
some types of balance, by adjusting one of the nuts 
attached to a threaded pin fixed to the beam very near 
the points wherefrom the pans are suspended, while in 
others it is done by a device the principle of which is 
in effect tke same as the one involved in the above 
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manipulation. This consists in moving in ot out the 
two nuts attached to a straight piece connected at a 
variable angle to the moment of inertia bob upright. 
We have both the types in the Laboratory. 

Box of Weights. 

Individual weights in one set of a box of weights 
must not be exchanged with weights in another. A 10 gm. 
weight in one may be 10 times the weight of the 1 gm. 
weight in the sat^e box. But this same relation may not 
obtain in the case of the 10 gm. weight in one and the 
1 gm. weight in the other. In calculating the percentage 
of a constituent from the weight of an ignited preci- 
pitate on, say, a 5 gm. sample of a material, we divide the 
weight obtained by 5 and multiply by 100. While the 
factor obtained with the same box of weights for the 
original and the final weighing, may be, say-j^^, with 
one box of weights for the original weighing and a 
different box for the final weighing, the factor may be 
either or -j-J-j-, thus leading to inaccuracy in results. 


The set of weights provided in a box should be 
tested to see how far they agree among themselves, in 
the case, say, of units of 0’2 gm., OT gm., 1 gm., 2 gm., 
10 gm., 20 gm., etc. and whether the 5 gm. unit equals 
the units of 2 gm. + 2 gm. -t 1 gm., the 50 > gm. unit 
equals the units of 20 gm. + 20 gm. + 10 gm. units 
and so on. The process of checking the correctness of 
the units of weights in a box is known as calibration. 


The following are the tolerances on weight units 
allowed by the Bureau of Standards, Washington,U.S.A. — 

Denomination. Tolerance. Denomination. Tolerance. 


50 gm. 0‘3 mgm. 

20 „ 0-2 „ 

10 „ 015 „ 


500 

mgm. 

O' 05 mgm. 

200 

99 

005 „ 

100 

99 

0:05 „ 

50 

99 

0-03 „ 





Denomination. 

Tolerance. 

Denomination. 

Tolerance- 

5 „ 

0-15 .. 

20 „ 

0-03 ., 

2 „ 

0-10 „ 

10 „ 

0*02 „ 

1 

0-10 „ 

5 „ 

002 „ 

In analytical work for 

control operations on the 

processes of 

manufacture. 

correction of weights for 


buoyancy by air is not necessary. 

The litre is defined as the volume occupied ,by a 
quantity of pure water at 4° C. having a ' mass of one 
kilogram. One thousandth part of the^itre is designated 
the millilitre and this term is used in preference to the 
term the cubic centimetre, the use of which is being 
discouraged by Scientific Societies. The cubic centimetre 
is not exactly the one-thousandth part of the litre. 1 ml.= 
T 000027 c. cms. Though the difference between the 
two is not very great, in conformity with the usage 
now being strongly recommended and adopted, through- 
out this book the term ‘millilitre’is used. 

According to the Bureau of Standards, Washington, 
D. C., the following are the requirements of app- 
aratus, graduated flasks, burettes and pipettes used in 
volumetric analysis : — 


Diameter in millimetres of 
the tube portion carrying 
graduation mark 

j Capacity of flask, millilitres 
up to and including 


50 1 100 1 200 1 250 | 500 |1000 

Maximum 

10 1 12 1 13 i 15 1 18 1 20 

Minimum 

6 8 9 1 10 1 12 1 14 

Tolernaces. 


Capacity. Limit of Error. Capacity. Limit of Error. 
60 ml. 0’05 ml. 500 ml. 0T5 ml. 

100 „ ^ 0-08 „ 1000,, 0-20 

200,. * 0*10 „ 2000,. 0-50 


99 
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Tolerances in Volumes marked. Burettes and 

Pipettes. 



Burette 

Pipette. 

ml. 

ml. 

ml. 

5 

001 

0*02 

10 

0-02 

0-03 

20 

0-03 

004 


0-05 

0-08 

IGD 

0-10 

0-15 


Removal of greasiness or oiliness from measuring 

vessels. 

The innet surface of all measuring vessels, graduated 
flasks, burettes and pipettes-must be free from greas- 
iness or oiliness. This is made evident by drops of 
liquid adhering to the surface when such vessels are 
filled with water or the solution of a substance in water. 
This oiliness is eliminated by filling the vessles with 
a warm ( 40” to 50” C. ) mixture of cone H9SO4 
containing 10 gms. of potassium or sodium dichromate 
per 100 ml. of the acid, letting them stand for 10 to 30 
minutes, emptying them out and washing them with 
tap-water a number of times. The mixture ot cone. 
HgSO^ and dichromate should not be thrown away. 
It can be used over and over again and therefore should 
be kept in the stock-bottle. 

Common operations in the Laboratory with 
a note on Laboratory apparatus. 

Bending of glass tubing : — ^For diameter of tubing 
up to about 8 mm., make a scratch (about 2 mm.) with 
a sharp triangular file at the point at which the tube is 
to be cut. Move the file in one direction only. Do 
not use it as a saw, as the sharp file edge gets* worn out 
2 
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by such a procedure. Place the two thumbs on the side 
opposite to the point at which the scratch has been 
made and give a pulling-apart motion simultaneously 
with a bending motion. Very often the cut that results 
is a square cut, without sharp or uneven points. Some- 
times sharp edges are to be seen. In either case, rotate 
the cut ends over a Bunsen flame until the glass softens. 
This process is sometimes referred to as ‘fire-polishing’. 
To cut tubing of larger size than 8 mm. diameter, „c»ne 
of two procedures may be adopted, l^ake a scratch as 
before with a sharp file. Melt the endi of a glass rod,* 
drawn out to a point and place the hot bead of glass on. 
the file-scratch mark. Repeat heating the bea'd and 
placing it on the scratch mark until a sharp noise is heard 
and the glass has cracked. Now lead the crack all 
round the tube by repeatedly heating the glass rod and 
bringing it to within a few mm. of the crack already 
started. The crack is led all round by repeating the 
process a number of times. The glass tubing thus cut 
may present a neat appearance or it may have sharp 
edges. It is fire-polished by rotating it in the flame of 
blast-lamp. 

The flame from this lamp is about 150” to 200” 
C. higher than that from a Bunsen burner. The blast 
of air used in the blast-lamp’ effects a better mixing of 
gas and air and therefore a higher temperature results. 

After fire-polishing, bending, etc., operations, 
the articles must be covered with a deposit of 
soot to allow them to cool slowly. This is 
accomplished by allowing the luminous flame. . to 
play on them. All that is necessary to get a luminous 
flame is to stop working the foot bellows, when the 
blast lamp is being used, or to dose the air supply 
by turning suitably the slotted sleeve at the base of 
t^e Bunsen burner, when it is being used. 
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An altetnative process of cutting tubes of diameters 
over 8 mm. is to wrap two strips of filter-paper or 
blotting paper to a thickness of about on either side 
of the point at which a tube is to be cut and to hold 
them in position either with gum-paste or to tie them 
by mpans of lengths of sewing cord. Wet the strips 
with water and rotate over a sharp flame of a blast lamp, 
directing the flame to the gap between the two strips. 
Aftex a few minutes of heating, the tube will come off 
in two. The*strips are removed when the tube has 
become cold. Remove the roughness of the cut edges 
by rotating in a blast lamp flame. 

For fitting up a wash-bottle, two pieces of glass- 
tubing each 3 to 5 mm. bore should be so bent 
that the two bends form together two right 
angles. For the purpose of bending glass-tubing, a 
long length of flame is required. A batswing burner 
gives such a flame. Rotate the tubing gently as it 
is being heated, while the two ends are being sup- 
ported with both the hands between the fingers. 
This procedure ensures uniform heating all round 
When the tube has softened (sagging is the indication), 
take it, off the flame and bend to the desired angle. 
Cover with a deposit of soot. Allow to cool. When 
cool wipe off the soot with a duster. 

For drawing out into a jet, rotate as before a con- 
venient length of tubing as it is being heated. When 
it has become soft, take it off the flame and draw 
out by pulling at both ends. When cold, the drawn 
out .^nd tapering portion is cut in the middle by 
making a scratch with a file and breaking. The cut 
end is fire-polished by holding it in a very small flame 
for a very short while only. Heating too long will 
lead to the closing of the hole. 

In boring holes in a cork, moisten the bdrer with 
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water acd bore from the smaller or narrower end. In 
the case of rubber corks, moisten the borer with a 
dilute solution ( normal ) of caustic soda. 

In fitting up wash bottles, it is a good practice to 
give a bend to the long tube reaching to the bottom of 
the wash-bottle, as this procedure makes it possible to 
use up almost all the water in the bottle before refilling 
it. A wash-bottle so fitted up is shown in Fig. 2. ^ ; 

Of funnels of different makes, those with a longer 
stem and a shorter bore stem are to *be preferred to 
those which have a short and large bore stem. The 
former are more rapid in filtration work. Again ribbed 
funnels are more rapid than the plain variety. 

Desiccators : — 

Cone, sulphuric acid is not a very desirable desiccant 
to be used in desiccators. When carrying these from the 
laboratory to the Balance Room, the liquid is likely to be 
splashed on to crucibles, which are being allowed to 
cool therein. Anhydrous calcium chloride is convenient. 
It must be changed when it shows signs of having 
lumped up. Porcelain discs with holes serve as 
much better crucible supports than perforated Zink 
discs. 

Choice of Weight of Material for a 
Determination. 

Before commencing any analytical work, the ques- 
tion that arises is ‘what is the weight of material to be 
taken ?’ In Works’ laboratories, the practice is tp.use 
what are known as factor weights. The weighing out 
of such quantities as have been indicated in exercises 
dealing with the analysis of iron ore, steel, .etc., facilitates 
calculations, very little time being consumed in the 
process. Either a platinum scoop and a counterpoise of 
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lead or a copper scoop and a counterpoise of lead are 
used. The material to be weighed is introduced, by 
means of the blade of a stainless steel knife, on the 
scoop and the powder shaken off or tapped off from 
the blade until the equality of weight of the material to 
the factor weight is obtained. The accuracy to which 
the material is to be weighed need not be more accurate 
than the process of analysis justifies. In the case of 
thfetdetermination of Sulphur in Pig Iron • or Steel, 
weighing to the “nearest centigram will do. 

Choice of type of vessel. 

What is the type of vessel into which the material 
weighed is to be transferred ? For effecting a solution 
of iron ore, manganese ore, etc., a 50 or 100 ml. wash- 
bottle shaped flask is desirable. A beaker or evapo- 
rating dish would mean a large consumption of acid 
and time for effecting solution. But in the case of 
evaporation to dryness followed by baking, a basin or 
casserole is to be used. Again where a residue insoluble 
in acids is also required along with the amounts of 
matter dissolved, a wash-bottle type flask must not be 
used, as dislodging of the residues sticking to the 
side, with the help of a ‘policeman’, is impossible. 

Coors, Sillax and SCP brands of porcelain ware, 
Pyrex, Jena and Vycor brand glass ware are very service- 
able; they are heat-resisting and strong. Porcelain 
crucibles can in many cases be replaced by silica 
crucibles ( Vitreosil ). The former cannot be introduced 
intp the hottest parts of a muffle furnace at 900° C. or 
1000“ C , whereas the latter can be so introduced 
without fear of their cracking. Being much cheaper 
than platinum, they are often used in place of the latter 
except where fusions with NajCOg are involved. Both 
platinum and silica ware are unserviceable for fusions 
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with 'NaOH. Silica crucibles ate also unserviceable for 
ingiting precipitates leading to the formation of CuO 
PbO, etc. . 

TTo clean silica crucibles which have become stained, 
fuse in them about 2 to 3 gms. of potassium bisulphate 
and keep the mass molten for 2-3 minutes. During 
fusion support on silica triangles. Cool. Wash out 
with water. Silica tubes ( pyrometer sheaths ) must 
not be immersed in molten NaCl. ^ • * 

If employed at temperatures above 1 ] 00 "C., the silica ■ 
vessels devitrify, lose their strength and tend to become 
brittle. They should not, therefore, be heated above 
llOO^C. 

Porcelain crucibles should not be used for sulphur 
determination in coal by the Eschka method. The glaze 
is attacked and the surface is pitted by the NajCOg 
• entering into the composition of the Eschka mixture. 

Care of Platinum Apparatus. 

( 1 ) It should not come in contact with aqua regia. 

( 2 ) It should not be used in fusions where caustic 
alkalies are to be employed. 

( 3 ) Salts of reducible metals like lead, tin, bismuth, 
arsenic and should not be heated in it. 

( 4 ) When red-hot, it should be handled with a pair 
of platinum-tipped or nickel tongs. 

( 5 ) It should be supported on a silica, chromium- 
nickel alloy, or platinum, triangle when fusions are con- 
ducted or when precipitates are ignited. 

( 6 ) It should not be heated over a smoky flame. 
Finely divided carbon alloys with platinum and the 
carbide thus formed readily dissolves in acids. The 
constancy of weight, which is the most valuable property 
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of platinum vessels, is affected; besides, loss of a costly 
material occurs. 

( 7 ) To clean a platinum crucible or dish, proceed 
as follows: — 2-3 gms. of sodium or potassium bisulphate 
are placed in it and slowly heated. First, water is driven 
off and then fumes of SO 3 are evolved. These attack the 
residue which is left in the crucible from a previous 
experiment, at a temperature of 300-900”C. The vessel is 
theff cooled and the residue dissolved off in water. The 
following reactio&s take place when potassium or sodium 
bisulphate is heated. 

2 KHSO,-^ KaS,0,+H,0 
Ka S, K^SO, +SO3 

When there is no residue to remove, keep crucible 
immersed in cold cone. HCl for 1 2 hours and wash 
with water. 

( 8 ) When tliere is no residue to remove frorp the 
crucible and when it is desired to brighten the dull 
surface, it should be rubbed inside and out with sea-sand 
moistened with water. Preference to sea-sand is given 
on account of the roundness of its particles. Sand from 
other sources has a cutting or scouring action on plati- 
num, which is a soft metal. 

Process of analysis : The material that has been 
weighed out is dissolved in a suitable medium and the 
constituent which is to be determined is thrown down in 
the form of its most insoluble compound (a precipitate), 
under carefully controlled conditions of acidity or alka- 
linity and temperature, by the addition of a precipitant. 
An excess of the latter should always be provided. If, 
for example, the amount of sodium sulphate present in 
a litre of a solution is to be determined, the amount of 
barium chloride { precipitant ) which is addbd should 
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be in amounts greater than what is needed for the re- 
action represented by the following equation : — 

NajjSO^ + BaG ]2 ■ BaSO^ + 2NaCl. 

142 gms. 208’4 gms. 233 gms. 117 gms. 

The equation shows that for the precipitation of 
142 gms. of sodium sulphate, 208-4 gms. of barium 
chloride will be required. About 210 or 215 gms. of 
the latter should be added. In unknown cases, the 
presence of excess of the precipitant is ensured by ^the 
following procedure: — A certain quan^jty of the preci- 
pitant is first added to the solution which is contained, 
say, in a beaker. The precipitate is allowed to settle, 
a few millilitres more of the precipitant are 
added slowly from a pipette along the side of the 
beaker and the formation of a further quantity of pre- 
cipitate looked for at the surface of contact of the two 
solutions. If a precipitate appears, more of the preci- 
pitant is added and the precipitate formed is allowed to 
settle. Again the process of addition of the precipitant 
is repeated until there is no more formation of a 
precipitate. 

With due regard to the time required for conducting 
an analysis, the size of vessels, the volume of precipitate 
to be dealt with, etc., only about a thousandth of each 
of the quantities indicated by the above equation is 
employed in practice. 

The objects of controlling the acidity or alkalinity of 
the medium in which a precipitate is thrown down are : 
(1) the prevention of the co-precipitation of certain pther 
compounds and (2) the formation of the desired preci* 
pitate in an easily filterable (i.e.) crystalline, not colloidal, 
form. It must be remembered that in practice one has to 
deal not only with cases of precipitation like the simple 
pjae to above but also with complex mixtures. 
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A striking example of such a complex mixture is a 
solution containing the chlorides of arsenic, antimony 
and tin. By careful adjustment of the amount of 
acidity ( Hydrochloric acid ), it is possible to throw 
down completely arsenious sulphide only by passing a 
current of hydrogen sulphide through the mixed 
solution. This adjustment is secured by keeping the 
acidity at, what has been described as the *^H value’, 
a dertain figure. A solution having a concentration of 
10^ gm- of hydrogen ions per litre has a J>H value of 
3 and one having a concentration of 10"**®®“ gm. of 
hydrogen ions per litre has a pH value of 4- 86 12. In 
other words, the pH value of a solution is the logari- 
thm to base 10 of its hydrogen ion concentration prefix- 
ed by a negative sign. For each precipitation reaction, 
there is a certain optimum pH value. pH values less 
than 7 indicate that the medium is acid and values 
greater than 7 that the medium is alkaline. For the 
precipitation of barium sulphate th e pH value should 
be kept at about 1. 

The second object for which the regulation of the 
pH value of a solution is controlled is the formation 
of a precipitate in a crystalline condition. Unless 
the precipitate is in this form, no filtering medium 
( paper or asbestos ) will retain it. A familiar example 
of matter in colloidal form is arsenious sulphide. When 
a current of hydrogen sulphide is passed through 
arsenious acid, the solution is coloured yellow. When 
this solution is filtered through the closest - textured 
filtciT’paper available, it will be found that no particles 
are retained by the filter paper. If prior to filtration, 
an electrolyte like hydrochloric acid or sodium chloride 
or potassium chloride is added and the solution is then 
filtered, it will be found that the pardcles of arsenioo$ 
sulphide are completely retained. The most &vourabIe 
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ekcttolyte for each precipitation reaction which is con- 
sid^ed in this book is pointed out at the appropriate place. 
It should be clearly borne in mind that when freeing a 
precipitate from contaminants by the process of washing 
with distilled water, there is the danger that with their 
■r«noval the precipitate may pass into a colloidal form 
and run through the filter paper, defeating the object 
of 'filtration. It is therefore necessary to introduce, a 
suitable electrolyte in the wash water. Pota^ium 
Jiitrate is introduced in the wash water f6r freeing -the 
^precipitate of ammonium phosphomolybdate from nitric- 
acid when it is subsequently dealt with by the alkalim- 
etric titration method. 

Mote on Filtration and Filter Papers: — 

The rapidity of chemical analysis is conditioned by 
the rapidity with which the filtration operation can be 
performed. Precipitates are either coarse-grained, 
fine-grained or gelatinous. There is a grade of filter- 
paper suited for each of these classes of precipitates. 
The following table is indicative of the brands of make 
cf filter-paper and the precipitates for the filtration of 
which they are most suited: — 


Natute of ppte. 

What- 

man 

Brand" 

(Eng- 

lish) 

Schlei- 

cher 

and 

Schiill 

(German) 

Delta 

(Ger- 

man) 

j Baker 
Adam- 
1 son 
(Ameri- 
can) 

Munk- 

tell 

Swedisl 

Filter- 

paper 

Gelatinous like 

Fe (0H)3,A1(0H)3, 
SiO,(NH^3PO„ 
12MoOg. 

31 

589 

(Black 

ribbon) 

365 

(Blue 

cross) 



Coarsely crystalline 
like Pbaa,Aga, 
CaCOj PbS, CuS, 

AsaSg.SbgSgjZnSjetc. 

30 

589 

White 

ribbon) 

366 

(Brown 

cross) 


• 

’ Finely crystalline 
tfiie CaCB 03 ,BaS 0 g, 
.IRbSQu, !^nC^ etc. 

40,41 
or 42 

589 
(Blue 1 
ribbon) 

367 

(Green 

cross) 

Qua- 

lity 

*A^ 

100 
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The size of the paper used, ( i. e., its diameter ) does 
not depend on the volume of the liquid to be filtered' 
but only on the bulk of the ppte. . In case large size 
filter-papers are used and a determination is to be m^de 
on the filtrate, the amount absorbed by the large size 
paper may be large enough to introduce an error in the 
determination. 

Filter-papers should not be filled to the brim with 
the Iftjuid to be filtered. They should be filled only to 
within a quarter of* an inch below the edge of the paper. 
Certain pptes. have the property of creeping to the edge 
of the paper and if the paper is filled completely-j the 
amount of precipitate creeping up may be lost. Filter- 
papers should be so chosen that when folded and fitted 
into the funnels, their edges are 0 ‘ 25 " below the rim. 

To avoid loss of filtrate by splashing, the funnel 
stem should be touching the side of the beaker or flask 
in which the filtrate is being received or collected. 

When ignition of the precipitate with the filter-paper 
will lead to a reduction reaction by the carbon of the 
filtet-paper as in the case of BaSO^, PbSO^, etc., one of 
two courses is open: ( a ) carrying out the ignition at a 
temp, low enough not to bring about reduction as in 
the case of BaSO^ or ( b ) filtering through a Gooch 
crucible with asbestos packing as in the case of PhSO^. 
The danger of reduction is always there when PbSO^ 
is ignited with the paper at temp, low enough to con- 
vert the paper into ash. Hence filtration through asb- 
estos is a necessity. Where several determinations of 
the Same kind are to be made, there is considerable 
saving in time in using the Gooch Filter. 

Devices for Filtration.. 

To expedite filtration of fine precipitates throt^h 
paper and through the Gooch crucible, a vacuum suda 
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as that obtained with the Bunsen filtet pump is emplo- 
yed. While there is no risk with the use of the Gooch 
crucible, with the use of the filter paper there is risk of 
bursting it when the pump is used. It is necessary to 
support the filter-paper on a tough cone of filter-paper 
and then apply suction. Platinum cone also can be 
used to support the paper on. 

As a further aid to rapid filtration, there are Jena 
glass sintered filters. Unlike the Gooch crucibles,fthey 
do not take time to get ready. The * filtering medium 
is powdered glass, carefully sifted ahd heated td its 
sintering point without admixture with any bonding 
material. It is serviceable for ignition at temperatures 
of about 600® C. It is used very much in the same 
mann er as the Gooch crucible, applying suction with 
the Bunsen filter-Pump. 


A new Jena glass sintered crucible is cleaned with 
water, dried in an air oven at 110® C. and then heated 
gradually to 600® C. in an electric furnace. It is with- 
drawn from the furnace, cooled in a desiccator and 
weighed. It is then used for filtering off the ppte., 
washed with the appropriate wash liquids, dried at 110® 
C., slowly raised to 600®C. in an electric furnace, cooled 
in a desiccator and weighed. The difference between 
this weighing and the original, gives the weight of the 
pmcipitate from which the percentage of the constituent 
sought is calculated. In case the crucible is required 
for filtering off a precipitate of identical composition a 
second time, no time need be lost in washing the ppte. 
off the crucible, drying it, etc. . It may be put into use 
straight away. In case a ppte. having a composition 
different from the one already deposited, is to be filtered 
off, clean the crucible by dissolving the ppte. in a suit- 
able solvent, wash with water, dry, heat to 600® C., cool 
and wei^. Hien filter off the ppte. and dry. 
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These Jena glass sintered filters are made having 
diflferent grades of porosity. The following are the 
particulars regarding purposes for which they are used: — 


Grade of Porosity 
No. 

Size of Pores in 
microns. 

(1 micron « ^ 

mm.) 

Purpose. 

1 

•• 

• 

100—120 

« 

Filtration of very coarse 
precipitates such as 
SiOa. FeOH)3, A1 
( 0 H) 3 , etc. 

4 

* 5—10 

Filtration of very fine, 

^ precipitates such as 
BaS 04 , CaQO^, CuCNS 
CuflC), etc. 


Laboratory Reagents. 

The reagents for analysis are sold in different grades 
of purity. The following table shows the names adop- 
ted by three reputed Chemical Supply Houses for indi- 
cating the quality of their products: — 


Name 

adopted by the 
British Drug 
House, England. 

Name 
adopted by 
the firm of E. 
Merck, Germany. 

Name j 

adopted by 
Baker Adam- 
son, U. S. A. 

Name 

adopted by the 
Fine Chemicals 
Section.Dept. 
of Industrie 
Chemistry, 
B, H. U. 

1. Analyti- 
cal Reagent, 
abbreviated 
to A. R. 

Guaranteed 
Reagent, 
abbreviated 
[ to G. R. 

Analysed. 

Extra Pure. 

1 

2. * -Pure 

Pure 

— 

— 

3. Technical 

Commercial 

— 

Commercial. 


Any of the brands indicated in the horizontal row 
( 1 ) may be used for quantitative analysis*. , For the 
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pteparation of gases like H^S, COg, Og, Ng, etc., those 
shown in ( 2 ) may be acted on by appropriate reagents 
of quality shown in ( 3 ). 

The distilled water used in analytical work should 
occasionally be tested for its freedom from impurities 
such as chlorides, sulphates, etc. and also for total matter 
in solution. The last is determined by evaporating 
one litre of the water in small quantities at a time in a 
platinum dish. If any is found, the water is to fbe 
rejected. 

« 

Throughout this book where water is mentioned as 
a reagent, only distilled water is to be used. 

Solid Reagents for analysis are received from the 
Chemical Supply Houses in corked or in glass stoppered 
bottles. The corks and the stoppers are coated with 
paraffin wax to prevent contamination by the packing 
material in the box in which they are shipped, and to 
ensure air tightness. To open the corked bottles, no 
cork-screw should be used, as the use of this makes a 
hole in the cork, exposing the chemical to air and dust. 
The wax is scraped off with a pen-knife, preferably 
stainless, and the pointed end passed round all 
along the edge of the cork close to the neck of the 
container with a lifting motion. By this means, the same 
cork can be used to close the mouth of the container, 
all that is necessary being to apply a coating of 
molten wax with a brush, after transfer of the required 
quantity, for day to day use, to a small size bottle in the 
Laboratory. 

Liquid reagents like the concentrated mineral acids, 
inflammable liquids like carbon di sulphide, benzene, 
ethyl ether, etc. are received in containers like Winch- 
ester quart bottles or narrow mouthed bottles closed by 
means of ^toppers, brushed over with molten wax. If 
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on giving a few strokes with a wooden rod, they do 
not open, i. e. the stoppers do not turn, pass round the 
neck of the bottle several turns of a strip of cloth about 
1" broad and hold it in position by putting a knot on. 
Pour hot water on to the cloth bandage repeatedly until 
the wax melts and the stopper turns in its seat. Remove 
the stopper, wipe oflF the wax with a clean duster and 
place it in position when the neck is cold. On no 
account should a naked flame be applied to the neck 
nor should hot w^ter be poured on the stopper. Stop- 
cocks of burettes, gas analysis apparatus, etc. are opened 
in the same manner. Pouring a few drops of ether 
succeeds sometimes by dissolving off the vaseline on 
them. 

Ammonia solutions are received in containers closed 
by means of rubber stoppers which are held in place by 
wire. In cold countries, there may not be any great 
risk in opening them. But in hot countries the gas 
which has been disengaged from the solution is held 
under pressure and on opening the stopper, one gets 
gassed. To avoid this, the bottle should be placed in 
a bucket of water cooled to about 5”.C. by ice, or, in 
the absence of ice, by adding ammonium chloride or 
potassium nitrate to the water in the bucket, sufficient 
in quantity to bring the temp, to S'* C., for at least an 
hour to allow time for the contents to reach 5® C. and 
then opened. 

In the absence of measuring cylinders for measu- 
ring out volumes of reagents for dissolving ores, 
metals, alloys, etc. substitutes can be improvised as 
follows: — 

Apply with a brush a coating of molten paraffin 
wax about 1 cm. wide all along the entire length of a 
dean, dry test tube. Add to the test tube 5 ml. of 
water from a burette. Make a scratch with the pointed 
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end of a pin at the level at which the water stands in 
the test tube. Repeat adding water and making the 
scratch marks at intervals of 10, 15, 20, 25, etc., ml. 
The numbers 5, 10, 15, etc. are also marked on the wax 
with the pin. In a small platinum crucible (or in a 
porcelain crucible lined inside and out with wax by 
immersing it in molten wax and pouring out the sur- 
plus wax,) take 5 ml. of hydrofluoric acid, add 6 ml. of 
water, dip a tuft of cotton wool held at the end f6£ i 
broom stick, 6" long, into the HF and apply the acid; 
to the marks made. Keep the test tub6 in a warm place 
for 10-15 minutes, allowing time for the acid to act on 
the glass. Immerse the test tube in a boiling water 
bath until the wax melts off its surface. If properly 
done, the marks will be seen very clearly on taking out 
the test tube from the bath. 

Take care that the acid does not come into contact 
with the fingers. There is much pain and one cannot 
use them for about a week if the acid comes into 
contact with them. 



CHAPTER II 

Deternimations involving Acidimetry and Alkalimetry. 

EXPERIMENT 1. 

Determination of the number of grams of hydrogen 
chloride contained in 100 gms. of the concentrated acid 
prodded on the Working-Bench and preparation of 
acid of T12 S' G.*from acid of 1‘2 S. G. 

Principle! — "this determination is based on the neut- 
ralization of the acid, suitably diluted, with a standard 
solution of sodium carbonate (in distilled water) using 
methyl orange as indicator. The reaction taking place 
is represented by the following equation: — 

NajCOa + 2HC1 — )2NaCl + H^O + CO* 

Clean a weighing bottle first with tap-water and 
then rinse with distilled water. Allow the water to 
drain, pass a current of hot air into the bottle to dry it, 
and cool in a desiccator. 

Step 1, Introduce two hornspatulafuls of chemi- 
cally pure anhydrous sodium carbonate into the bottle. 
Weigh exactly. 

Shake off some of the carbonate into a clean beaker 
of 200 ml. capacity, about T5 — T6 gms. and weigh the 
tube again. If considerably less than 1*5 gms. has been 
transferred, transfer more and weigh. A few trials will 
enable one to get at the correct quantity. Reweigh 
the tube exactly. Difference between the two weighings 
yields the amount of carbonate transferred to the beaker. 

Step 2. Dissolve the carbonate in 50 ml. distilled 
water transfer to a dean 250 ml. measuring flask. 
Rinse the beaker 4 or 5 times, each time usin^ about 
4 
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10 ml, of water, and transfer the rinsings to the measur- 
ing flask. Make up to the mark exactly. Mix the 
contents to the flask well by shaking. To do this, close 
the mouth of the flask by means of a tightly fitting 
cork, invert it and bring it to the erect position. Repeat 
this five or six times. Alternatively, pour the contenst 
of the flask into a clean and dry beaker and transfer to 
the flask. Repeat pouring back and forth 3 or 4 
times. Rinse a clean 20 ml. pipette wit]? the soliftion 
by sucking it up to the mark and Aen throwing ih 
away. Suck once again. Bring exactly to the mark 
and transfer to a clean 200 ml. beaker. To remove the 
liquid adhering to the tip of the pipette, touch the side 
of the beaker with the tip and draw it up along the side. 
In this way the last portion will come out. 

Step 3. Run 3'5 to 5 ml. of the concentrated HCl 
on the Working- Bench from a burette into a clean 500 
ml. measuring flask. Note the exact volume of acid 
used. Dilute this volume of acid with distilled water 
and make up to the mark. Mix well by shaking 5 or 
6 times. 

Step 4. Clean a burette' with tap-water. If it is not 
greasy, no drops of water will adhere to it when it is 
drained. If drops adhere, here and there, it is greasy. 
To remove the greasiness, run into the burette a warm 
mixture (40 to 50°C.) of potassium dichromate (10 to 
15 gms.) and concentrated sulphuric acid (100 ml.) and 
let stand some minutes. Drain and wash a nofiiber 
of times with tap-water. Fill with the diluted 
hydrochloric acid made above ( Step 3 ) and empty. 
Refill with the diluted acid. The burette thus filled is 
seacty fot,use. 
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Step 5. Add from a dropping bottle 5 or 6 drops 
of methyl orange to the sodium carbonate solution in 
the beaker. The solution becomes yellow. Run the 
acid with constant stirring, first somewhat rapidly, and 
then slowly until the solution becomes slightly red. If 
the titration is carried with a sheet of white paper 
underneath the beaker, the change of colour from 
yellow to light red is indicated more sharply. A 
po1tx;lain basin is best for carrying out the titration. 

Record of results and method of calculation: 
weight of weighing bottle with NagCOg =1 8’761 5 gms. 
„ ■ „ „ „ „ after emptying =17-4365 gms. 

Weight ofNajCOg =1*3250 gms. 

1*3250 gms. dissolved in water and made up to 
250 ml. . Strength of the solution is O'lN. 3*5 ml. of 
cone. HCl were diluted to 500 ml. 


Titration : 


0-1 NNagCOg 

(1) 20 ml. 

(2) 20 ml. 


HCl 

Final Reading 25‘0 

Initial Reading 0*0 

25 ^ 

Final Reading 25‘0 

Initial Reading 0*0 

25*0 


The strength of the diluted HCl is^- 0-lN=0*8xO*lN 


The strength of the concentrated acid is. ,^^-^^^^^0*1 AT 

or 11*43 Af. 

The specific gravity of the same cone. HCl as 
measured by a hydrometer is 1*18. 

100 ml. of the acid weigh 118 gms. 
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1000 ml. or 1180 gms. of the cone, acid contain 
ll*43x36*5 gms. HQ. 

inn r .1- J • 11*43x36*5x100 

100 gms. of the acid contain ?Tofk 

jJoU 

35*35 gms. HQ. 


The table of strengths of the common mineral acids 
against their specific gravities is constructed after con- 
ducting experiments as detailed above, starting svith 
acids of different densities. With the help of such if, 
table it is easy to prepare an acid *of any, required 
strength or specific gravity, starting from an acid of 
higher strength and with known specific gravity. 

An example will make the method of calculation 
clear. 


Given cone. HQ of T2 S. G., suppose it is required 
to prepare one litre of acid of 1*12 S. G. 

From the Table of the S. G. of acids, we find that 
1.20 S. G. acid contains 39*11 gms. per 100 g m s, and 
that T12 S. G. acid contains 23*80 gms. per 100 gms. 


39*11 gms. HQ are present in 100 gms. or^^-ml. 

of the cone. acid. 1 000 ml.- of the acid to be prepared 
will weigh 1000 x T 12 or 1120 gms. and will contain 


23*8x1120 

100 


gms. HQ. 


39*11 gms. HQ are present in 100 gms. cone. HQ. 
i. e. in ^x 100 ml. cone. HQ. 


23*8x1120 


100 


-gms. HQ will be present in 


100X23*8X 1120. 1 rTr.1 

39*11 X 1*^ X 100 ^ ‘ 
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Volume of water to be added to 567.9 ml. cone. 
HCl to bring it up to 1000 ml. = 1000-567.9 i.e. 
432.1 ml. 

Notes : — The beaker into which the sodium carbo- 
nate is weighed, the measuring flasks, the pipette and 
the burette used in this and the following experiments 
should, after washing with tap-water, be rinsed 2 or 3 
times with small quantities of distilled water. 5 ml. of 
it for each rinsing are enough. The rinsing is particu- 
larly necessary in’ this experiment, as the tap-water ist 
alkaline due to the presence of carbonates. 

Measuring cylinders and other vessels used for 
measuring out strong acids should be filled with tap 
water and emptied at least six times before they are used 
for measuring out other liquids. 

2. When pure anhydrous sodium carbonate is not 
available, it is prepared from pure sodium bicarbonate 
as follows : — Half fill a clean platinum crucible with the 
substance. Introduce a thermometer into the crucible, 
so that the bulb is completely surrounded by the chemical 
Embed the crucible in a sand-bath heated by means 
of a Bunsen burner so that the sand comes on the 
outside of the crucible to the level to which it has been 
filled with the bicarbonate. When the temperature 
is kept between 270®-300®C. for half an hour, the 
bicarbonate changes completely to carbonate. Cool 
the crucible and contents in a desiccator and then use 
The beaker into which the sodium carbonate is weighed 
need not be dried. 

3. ' It is necessary to dilute the concentrated HCl 
so that the diluted acid has approximately the same 
strength as the carbonate solution. It is only when the 
volumes of the two solutions used for titration are 
neatly equal and about 20 ml. . that the percentage 
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ettots in taking the readings of the burette are small 
and negligible. This is a point that should be borne 
in mind in all subsequent work. 

4. Owing to the passing of hydrogen chloride into 
the atmosphere, (the fuming observed, when the stop- 
per from a bottle of the cone, acid is removed, is due 
to the escape and the subsequent solution of the gas in 
the water-vapour present in the atmosphere) the method 
described above, while not very accurate, is sufElciShtly 
so for all practical purposes. 

5. Methyl orange: — Dissolve 0.02 gm. in 100 ml. 
hot water. Let stand and filter off any residue. Use 
the clear filtrate. 

6. As the acid of standard strength obtained in 
this Expt. will be required in the experiments to 
follow, stock the same in a 250 ml. glass-stoppered 
bottle. Rinse the bottle twice with the acid before 
transferring. Paste a label showing the strength and 
the date of preparation. 

7. In the preparation of the dilute acid of S. G. 
1.10 from the concentrated acid, the assumption is 
made that there is no volume change accompanying 
dilution. 

8. To remove greasiness from glass measuring 
vessels, they are filled with a warm mixture of con- 
centrated HjS 04 (100 ml.) and (10-15) gm. powdered 
potassium dichromate, allowed to stand 5-10 minutes, 
emptied and then washed with tap-water. As the'mix- 
ture of dichromate and sulphuric acid can be used over 
and over again, it should not be emptied into the sink 
but should be preserved or returned to the Stock bottle 
kept for pommon use in the Laboratory. 
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EXPERIMENT 2. 

Determination of the percentage of NaOH and 
NajCO, in commercial caustic soda sticks. 

Principle : — 

A known weight of the sticks is dissolved in water 
and the solution made up to a known volume. In one 
aliquot part of the solution, the total alkali present is 
obfitined by titration with a standard acid ; from ano- 
ther part, tiie carbonate present is precipitated as 
BaCOg by the addition of BaClg, the precipitate filtered 
off and the alkali present in the filtrate detemined by 
titration with the same standard acid as before. From 
the difference between the volumes of the acid used, 
the amount of NagCOg is calculated. The volume of 
acid used for the second titration yields the amount of 
NaOH. 

Solutions required : — (1) 20;^ BaClg solution 

(2) Methyl orange. See para 5 of ‘Notes’, 
under Expt. 1. 

Procedure : 

Step 1. Remove one stick of the commercial caus- 
tic soda from the reagent bottle by means of a pair of 
brass tongs. Break it up in a dry porcelain mortar 
with a pestle into small pieces, introduce the broken 
pieces into a clean, dry weighing bottle. Weigh the 
bottle with contents exactly. Transfer about 4 gms. 
into a 150 ml. beaker. Weigh the bottle again. If 
the weight of soda transferred is considerably less than 
4 gihs., transfer more until it is about 4 gms. Weigh 
to a fifth of a mgm. Dissslve in 40-50 ml. water and 
transfer* the solution to a measuring flask of 250 ml. 
capacity. Rinse the. beaker 5 or 6 times with distilled 
water, each time using about 10 ml. Transfer the tin- 
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sings to the measuring flask. Add watet to the matk 
in the flask. Mix thoroughly the contents of the same 
by shaking. Draw off by means of a 50 ml. pipette 
50 rnl. of the solution and empty it into a No. 6 
(250 ml.) beaker. Add 5-6 drops of methyl orange. 
Fill a burette with the standard HCl prepared in Expe- 
riment 1. If none of that acid is left, acid 0'2N 
or O’ IN strong should be prepared in the man- 
ner shown thereunder. Titrate the solution in , the 
beaker by running the acid, first some;,whair rapidly, arid 
then, somewhat slowly, until the yellow colour changes 
to pink. Repeat the titration 3 times. The three 
volumes should agree to within 0.1-0.2 of one ml. 

Step 2. Transfer to a second No. 6 beaker 60 ml. 
of the solution of caustic soda. Add to it, by means 
of a 5 ml. pipette, BaClj solution, in small quantities at 
a time. Allow the precipitate formed to settle before 
making a second addition of BaClg solution. Continue 
adding BaCI^ to the clear supernatant liquid as long as a 
precipitate forms at the point of contact of the two 
liquids. In order that the precipitate which has settled 
may not be disturbed, it is necessary to allow BaClj 
solution to run along the side of the beaker. When no 
more precipitate forms, filter off the same, receiving the 
filtrate in a No. 6 beaker. Wash the precipitate and 
beaker 5 or 6 times with water. Titrate the filtrate 
and washings with the same standard HCl as was used 
in the first part of the experiment. Use methyl orange 
as indicator. 

Record of Results and Calculation. 

Weight of sticks+weighing bottle = 15.8456 gms. 

„ « » after \ 

shaking off a little into the beaker J =s 12.7496 gms. 
Weight of sticks used =4.0500 gms. 
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This was dissolved and the solution was made up to 
250 ml. 


HCl ( 0.164 N ) 

87.5 ml. 

87.6 ml. 
87.5 ml. 

=87.5 ml. 


Titration: 

NaOH + Na,C 03 
( 1 ) 50 ml. 

C 2 ) 50 ml. 

( 3 ) 50 ml. 

.^vetage volume HCl used 

Titration of a fresh 50 ml. portion after treatment 

with BaCl, solution and filtration showed a consumption 

of 83.9 mL of 0.1 64N HCl. 

Vol. of 0.164 N-HCl required for reacting with the 

NaOH present in the sticks is 83.9 ml. 

Tj c, XT r.TT 83.9x250 40 x .164 100 

Hence, /. NaOH ><-?05=‘^-55 


Vol. of 0.164 iV HCl required for reacting with the 
NagCOg present in the solution will be 87.5 — 83.9 
or 3.6 ml. 


3.6 ml. of 0.164 N-HCl is chemically equivalent to 
3.6 ml. of 0.164 N-Na^CO, 

Hence;;^ NajCOj _^.:^^50x0J64o^00>^ 3 g^. 

° * » - 50x1000x4.05x2 


Notes: — 

The addition of a large excess of BaClg will lead to 
the following reaction: — 2NaOH+BaClj — > Ba (OH), + 
2 NaCl. Ba( OH ), thus formed would be titrated by 
the acid, provided the titration is proceeded with, 
without delay. In the method as described above no 
time should therefore be lost in filtering off BaCO, and 
titrating the filtrate, as otherwise Ba( OH ), will form 
BaCO, by taking CO, from the^Laboratory atmosphere 
and the value for NaOH will be lower than what it 
really is. 

5 
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Tl^e titration may be carried out without filtering 
ofif the precipitate provided the addition of acid is made 
slowly. The first substance to be neutralized is the 
sodium hydroxide, the acid attacks the precipitate when 
all the hydroxide is used up. But this point is indicated 
by the indicator. In the hands of a beginner, the 
method described under ‘Procedure’ leads, however, to 
more reliable results. 

EXPERIMENT 3. 

Determination of the percentages of NaOH and 
NajCOg in caustic soda sticks: — ( The double indicator 
method ) 

Principle: — 

When a solution containing NaOH and NaaCOg is 
titrated with standard hydrochloric acid using phenol- 
phthalein as the indicator, the whole of the caustic 
and one half of the carbonated alkali is neutrali- 
zed, when the pink colour of the solution disappears. 
If, at this stage, methyl orange is added as indicator 
and the titration with acid continued until the colour 
changes to light red, the remaining half of the carbo- 
nated alkali is neutralized. In other words, the pink 
colour due to phenolphthalein is destroyed when NaCl 
and NaHCOg are formed. The latter reacts with methyl 
orange yielding a yellow colour and the acid is added 
until the change to light red appears. 

Indicators; — ( 1 ) Phenolphthalein: Dissolve 0. 1 
gm. of the solid in 100 ml. of 
95% ethyl alcohol i. e. 95 ml. of 
the pure alcohol and 5 ml. of 
water. 

( 2 ) Methyl orange. The same as in 
para 5 of Notes, Experiment 1. 
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Procedure:— 


^ame as in Experiment 2 until 50 ml. of the caustic 
soda solution are transferred to a No. 6 beaker. Add 
3-4 drops of phepolphthalein and continue adding 
standard HCl until the liquid becomes colourless. Add 
3-4 drops of methyl orange to the contents of the 
beaker and finish the titration as usual, i. e. until a light 
red colour appears. 

Record of Kesulis and Calculation: Weight of 
sticks=4.05*gms. The solution was made to 250 ml. 
NaOH+NaaCOa 0-164 JV-HCl 

(1) 50 ml. 87-7 ml. (After adding methyl orange) ! -8 ml. 

(2) 50 ml. 87-8 ml. „ 1-7 ml. 


To avoid errors in reading the burette when the 
volume used is small as in the last part of the above 
expt. the acid was reduced to 1/10 of its strength for 
titration after introducing methyl orange. This is done 
by pipetting off 10 ml. of 0.164 JV-HCl into a 100 ml. 
measuring flask, diluting with water to the marking 
and nix thoroughly before use. 


NaOH+JVaaCOa 
50 ml. 


0-164 N-HQ 
87.7 ml. 


Volume of NajCOa in 50 
ml. of 0-0164 JV-NaaCOg. 


0 -0164 J\r-HCl 
i7‘6 ml. (_aftca: introduc- 
ing methyl orange. ) 

ml, solution =2x17-6 


% of NagCOa in the sample supplied 

3-52x53x-164x250xl00 


% NaOH = 


1000x50x4-05 
83-94x250x40x100 


1 3-78 


50x1000x4-05 


= 67-98. 


Note; — Sodium bicarbonate yields a colourless 
solution with phenolphthalein, only when the temperature 
is at OqC. At toom temperature a pink colour appears. 
The titration by the method described in this experiment 
■will yield accurate results only when the teihperaturc 
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of the solution titrated is kept at O^C. by surrounding 
the titrating beaker with ice. As it is difficult to secure 
ice at all times of the year in this country, the method 
described in Experiment 2 is to be preferred. 

EXPERIMENT 4. 

Determination of Temporary and Permanent 
Hardness in water. 

Introductory The presence of calcium ^d 

magnesium bicarbonates and sulphates in. solution in 
a sample of water leads, when such w^ter is fed into 
boilers, to the formation of a crust on the plates, thus 
preventing an efficient transfer of heat to the water. In 
large industrial establishments, the damage done to 
boilers is considerable and the waste of fuel high, when 
such waters are fed into them direct, without previous 
treatment. From the point of view of drinking pur- 
poses, the presence of Ca(HCOB)a and Mg (HCOb)^ to 
the extent of 10-15 grains per gallon is beneficial to 
the health of man but the presence of CaSO^, even to 
the extent of 3-4 grains per gallon, is not desirable, as 
vegetables and pulses are not properly cooked in water 
containing them. 

Determination of Temporary Hardness: This is 
due to the presence of Ca (HCOg), and Mg (HCOg),. 

Principle: — 

When a standard solution of HaSO^ or HCl is run 
into a measured volume of the sample of water under 
examination, the bicarbonates ate neutralized bjr the 
acid and an excess of the acid will colour the soiiftion 
red, when methyl orange is added as indicator. 

Procedure: — 

Take 100 ml. of the water in a 250 ml. porcelaiq 
<^h or,casserole. Add 3 to 4 d^^ops pf ipcthyl 
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tun in jN'/SO H^SO^ from a butette,dtop by drop, stirring 
with a glass rod all the while, until the solution 
turns red. 

1 litre N/50 litre N/SO CaCOg 

=1 gtn. CaCOg 

1 ml. N/50 HaS 04=0 001 gm. CaCOg 

Temporary Hardness is generally reported in grains 
of CaCOg per gallon. 

"X^ne gallon of water at 60®F. weighs 70,000 grains. 

100 ml. of water weigh 100 gms. 

If in the experiment 100 ml. required 30 ml. of N/50 
HgSOf, then the number of grams of CaCOg in 100 
gms. of the sample=0'03 gm. 

If instead of 100 gms. we had taken 100 grains of 
water, the amount of CaCOg in it would be 0’03 grain. 

For convenience in measuring, we take 100 ml. of 
the sample : weighing 100 grains of water will take 
time ; besides it is too small a weight to experiment 
with, being about 6 ml. Hence 100 ml. of the sample 
of water are used for the determination. But the 
results are reported in terms of grains per gallon. 

Thus, the temporary hardness of the water under 

examination is 0.03 x — ,i.e., 21 grains per gallon. 

This system of expressing the results is adopted in 
England. 

Determination of Permanent Hardness: Permanent 
hardqess is caused by the presence of sulphates and 
chlorides of calcium and magnesium. 

The' results are however expressed in terms of 
grains of calcium carbonate per gallon, one formula 
weight of CaSOg being chemically equivalent to one 
formula weight of O^CO|. 



38 


Principle: — When a sample of watet under test is 
treated with an excess of a standard solution of NajCOj 
and the mixed solution evaporated to dryness, the 
following reactions take place : — 

CaSG^+NaaCOa-^ CaCOg+NaaSO, 
MgSO.+NaaCOa— > MgCOg+NaaSO, 

The residue is dissolved in distilled water and the 
solution is filtered off and the filtrate titrated ■^ith 
standard acid using methyl orange a§ indicator. The 
amount of standard NaaCOg used’ for the above 
reactions is a measure of the permanent hardness of the 
sample of water. 

Procedure: — Measure 100 ml. of the sample of 
water with a 100 ml. measuring cylinder into a Jena 
glass beaker or a casserole. Add 25 ml. of JV/lOlVag 
COg. Evaporate to dryness. Cool. Redissolve in about 
5-10 ml. water. Filter, wash twice. Use 5 ml. water 
each time. Titrate the cold filtrate with N/IO HgSO, 
using methyl orange as indicator. 

Results ; 25 ml. NIIO NagCOg were added. 

22.5. ml. iV/lO FlgSO^ were required for 
titration'. 

2.5 mL N/10 NagCOg has been used up to react with 
CaSO„ MgSO^CaClg and MgCJg. 

Hence 2.5 ml. N/IO Na^COg = 2.5 ml. JV/IO CaCOg 

= 2 5 X ‘005 gm. CaCOg 
= 0.0125 gm. 

100 ml. of water contain 0.0125 gm. 

100,000,, „ „ 12.5 gms. „ 

Permanent hardness in the 1 = ^^.5 x .7 grains per 
, ^ r gallon. 

.simple of wafer I = 8 75 


79 
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Notes ; — (1) There is no direct . titration method of 
determining the permanent hardness in a sample of water. 
The method adopted here is one which is frequently 
employed in analytical operations. Introduction of a 
measured excess of a standard reagent and the titration 
of the amount of the same not used in a reaction are 
the features of the method. One is said to 'back-titrate' 
the unused amount and the process of so doing is 
^bafk-titration’ . 

(2) Owin^ to the solubility of MgCOg formed as a 
product of the reaction, it is necessary to evaporate to 
dryness after the addition of NagCOg. This operation 
takes time. The use of a mixture of standard NaOH 
and NajCOj solutions for. the purpose has the advantage 
that evaporation to dryness is not necessary as the very 
insoluble MgO is formed thereby instead of the some- 
what soluble MgCOj. 

(3) The use of freshly boiled and cooled distilled 
water is recommended for extracting the dry residues, 
as any dissolved COj, in distilled water that has been 
Stored for some time, will tend to dissolve the precipi- 
tated CaCOg and MgCOg and thus lead to inaccurate 
results. 

(4) In the case of certain waters, the volume of acid 
used for *back titration' is greater than the volume of 
Nj 10 NagCOg originally introduced. . This is because 
of the fact that those waters contain sodium carbonate 
in solution. The water from the wells on the Univer- 
sity grounds furnishes a good example of such waters. 
The amount of sodium carbonate per gallon is obtained 
by calculating as follows : — Subtract the number of ml. 
of N/10 NagCOg introduced from the number of ml. of 
N/10 HgSO^ used for back titration. 

1 ml. NJIO H^S04=-0.0053 ,gm.* .NsigCOg 
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(5) An altetnative method fot the detetmination of 
the hardness of a sample of water is what is known as 
the ‘Soap Method’. It is described in Experiment 5. 

EXPERIMENT 5. 

Determination of the temporary and the permanent 
hardness of , a sample of water by the ‘Soap Solution* 
method : — 

Principles : — (1) When an alcoholid solution of 
soap, which may be considered as sodium stearate, is 
add ed to water holding the bicarbonates, sulphates and 
chlorides of calcium and magnesium in solution, the 
following reactions take place ; — 

Ca(HC 08 )j| + 2 NaQi oHg sO^— ^ Ca(Cj 8H3 gOj) g 

(insoluble) + 2 NaHC 08 

CaSOg + 2NaCj gHs ^ 6 ^a ) a d" Na^SOg 

(insoluble) 

Mg (HCO3) a + 2NaQ gHg gOj ) Mg (Qg Hjj Og ) g 

(insoluble) +2NaHCO, 

MgSO^ + 2Na Cj gHg 5^1 ) ^ b^b )a 

(insoluble) + NagSOg 

CaClg + 2Na Cj gHg gOg Ca ( Cj gUs sOg ) g 

(insoluble) + 2N aQ. 

The soap solution begins to yield a lather with the 
water only after the salts in solution have reacted in the 
above manner. Hence, the volume of soap solution 
used to produce a permanent lather is a measure of the 
hardness of the water. (2) Also, the temporary hard- 
ness rausmg salts, namely, the bicarbonates of calcium 
and magnesium, are decomposed by boiling. They 
separate as CaCO, and MgCXD,. 

Ca ( JiOOg ) g ^^COg + Hg O + COg, 
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Solutions required : — (1) Standard Hard Water. Pre- 
pare 1 litre of standard hard water as follows: — 
Dissolve 0’2 gm. of chemically pure calcium carbonate 
in 10 ml. of I’l S. G. HCl diluted with 20 ml. water in a 
No.2 porcelain basin or casserole and evaporate to dryness 
on a water bath. Redissolve the residue, when cold, 
in 25 ml. water. Transfer solution to a 1 litre measuring 
flask. Rinse and transfer the rinsings to the flask and 
makeup to the mark. Mix well by shaking. When a large 
volume of standard solution is to be made thoroughly 
homogeneous, an efficient and quick method is to dry a 
large size beaker and pour into it the solution from the 
measuring flask. Again the solution is poured back 
into the flask and in this way by pouring forth from the 
flask and back into it 3 or 4 times, a thorough mixing 
is effected. The hardness of the standard water so 
prepared is 14 grains of calcium carbonate per gallon. 

2. Clark's Soap Solution *, — Grind 150 parts of lead 
plaster ( lead oleate ) in a porcelain mortar with 40 
parts of anhydrous potassium carbonate. When well 
mixed, add a little neutralised methylated spirit and again 
grind until a smooth cream is obtained. Add 150-200 
ml. more of the neutralized methylated spirit, stir, allow 
to stand for about 10 minutes and filter. Dilute the 
stock solution thus obtained as follows; — ^Mix 2 parts 
by volume of neutralized methylated spirit with 1 part 
by volume of distilled water. Add to the stock soap 
solution sufficient of the mixture of spirit and water so 
that 14.25 ml. of the diluted soap solution are required 
to give a permanent lather with 60 ml. of the standard 
hard water. The following example will make clear 
how the dilution is done: — Suppose 50 ml. of Solution 
( 1 ) required 1 ml. stock soap solution to give a per- 
6 
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moment lather. Add 13‘25 mi. of the diluted spirit — 
water mixture to each ml. of the stock soap solution. 

Procedure! — Pipette off 50 ml. of the sample of 
water into a 250 ml. glass-stoppered bottle. Run from 
a burette the diluted soap solution, 1 ml. at a time, and 
shake after each addition. Lay the bottle on its side on 
the Working-Bench. If the lather disappears quickly, 
add more of the solution and shake. Repeat adding 
soap solution until a lather persisting for kbout 3 minu- 
tes is obtained when the bottle is laid on its side on 
the table. By reference to Table No 6, find out the 
hardness of the sample of water. The hardness obtained 
is the ‘Total Hardness’. To ascertain the temporary and 
the permanent hardness separately, proceed as follows : — 

Boil 50 ml. of the sample of water in a No. 4 beaker 
for half an hour. Add from time to time distilled water 
to make up for the water lost by evaporation. Filter 
off the residue. Collect the filtrate in a 250 ml. glass 
Stoppered bottle. Wash the beaker and residue 2 or 3 
times with freshly boiled and cooled distilled water. 
To the cooled filtrate add from a burette soap solution, 
in small quantities at a time, -shake and proceed until a 
permanent lather lasting for 3 minutes is produced. 
From the table, read the hardness corresponding to the 
volume of soap solution used. The figure obtained 
tepresents the permanent hardness. To obtain the 
temporary hardness, subtract the ‘Permanent Hardness’ 
number from the ‘Total Hardness’ number. 

Record of Results and Calculation: 

Volume of sample taken 50 ml. 

§9ap solution added to yield Total Hardness = 10.0 ml. 
Total, Hardness=:9,32 degrees Clark, 
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Soap solution added to yield Permanent Hardness = 4.0 ml. 
Permanent hardness=3.2 degrees Clark. 

Temporary Hardness=9.32 — 3.2=6.12 degrees Clark. 

Notes.' — ( 1 ) The employment of a perfectly 
neutral soap is necessary for preparing the soap solution. 
As the commercial soaps are almost always alkaline, a* 
neutral potassium soap solution is prepared in the 
manner described. Potassium oleate which is thereby 
fornsed behaves in exactly the same way as sodium 
stearate figured in the reactions shown under the 
heading ‘Principle*. 

Pb ( Q 3 H 33 O 2 \ +K^CO^ — >2KQ3H330,+PbC03. 

A perfectly neutral soap under the name of ‘Sofnol 
Soap Powder’ has been placed on the market by Messrs. 
Gallenkamp & Co., London. 

( 2 ) The spirit used must be neutralized with 
0.1 AT — ^NaOH, phenolphthalein acting as indicator. The 
acids present in the spirit are organic acids. These, if 
not neutralized, will react with the carbonates in the 
water and thus give low values for “Temporary 
Hardness”. 

( 3 ) Dilution of the stock soap solution in the 
manner described with spirit-water mixture is necessary 
inasmuch as the precipitate of calcium and magnesium 
stearate or oleate formed is insoluble in such a mixture. 

( 4 ) This method does not yield accurate results 
when the sample of water under test contains both Mg 
(HC 03 )sj and Na^COa. The two appear to form a 
double compound which is not decomposed by boiling, 
with the result that all the temporary hardness is not 
removeii by boiling. Hence even in samples of water 
which do not contain any CaSO^ or MgSO^, permanent 
hardness is indicated by this method but the one descri- 
bed in Experiment 4 does not suffer from this defect 
and hence it is being more widely used. 
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EXPERIMENT 6. 

Retesting of softened water. 

Introductory: — 

Water is softened by the addition of lime and 
f^agCOg. As considerable excess of these reagents will 
attack the gun-metal of which certain boiler fittings 
are made and as they also cause considerable foaming* 
only quantities of these, sufficient for the removal of 
the hardness present, should be added. ‘A check on 
the excess of any softening chemipal that may be 
present is, therefore, necessary. 

Principle : — When a standard acid is added to the 
softened water in the presence of methyl orange as in- 
dicator, the excess of alkali or alkaline carbonate is 
neutralized. The volume of acid used is a measure of 
the excess of softening chemical. This excess is expres- 
sed in terms of grains of Nag COg per gallon. 

Solutions and Reagents required : — 

(1) 1 Utre water containing 20 grains per gallon of 
Temporary hardness. Water from one of the wells 
on the University grounds serves the purpose. 

(2) 2 gms. quicklime (freshly ignited). 

(3) 250 ml. of0'02JV— HCl. 

Procedure: — Measure out 1000 ml. water with a 
measuring jar into a litre bottle having a glass stopper. 
Weigh into it 0'2-0‘22 gm. of the freshly ignited CaO. 
Shake well for 10 minutes and let stand for half an hour 
and filter, or, filter off immediately about 500 ihl! into 
a No. 8 beaker, cleaned and dried, using a dry filter 
paper and dry funnel. Rinse a 100 ml. pipette, or, a 
measuring jar, if a pipette is not available, with the 
filtrate. .Pipette off. 100 ml. into a No. 6 beaker, add 
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5-4 drops of methyl orange and drop from a burette 
0.02iV-HCl until the colour changes to a decided red. 
Repeat this twice. Take 100 ml. distilled water in a 
beaker, add 3-4 drop of methyl orange and run the acid 
until a red colour, of the same intensity as in the sample 
run, is obtained. Note the reading. 

Record of Results and Calculation. 

litre water shaken with 0.2 gm. CaO and. filtered. 

'^Filtrate 0.02N-HC1 


(1) 

100 ml.f 

5.0 ml. 

(2) 

100 ml. 

5.1 ml. 

(3) 

100 ml. 

5.1 ml. 


100 ml. distilled water consume 0.3 ml. of 0.02N- 
HCl to give red colour of the same intensity. 

Average volume of acid minus blank = 5.1 - 0.3 or 
4.8 ml. 0.02Ar— HCl 

4.8 ml. 0.02N-HC1 = 4.8 ml. 0.02iV-Na»CO,. 

53 X 4-8 

“ 50 X 1000 ” 

53 X 4 8 

100 ml. of softened water contains ^- gm. NaaCOg 

53 X 4 8 7 

1 gallon of softened water contains^Q^^^QQ Jt-yQ 

grains of NaaCOg i. e., 3.5 grains Na^COg. 

Notes : — 

(1) The alkalinity of the softened water is expressed 
generally in grains of Na^COg per gallon. A number of 
trials ph boiler waters have shown that only about 2-3 
grains of alkalinity as NagCOj per gallon are permissi- 
ble in softened water. 

(2) When very dilute solutions of acid and alkali 
are being titrated, the colour change from yellow to 
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red or vice versa is not very sharp. Hence in such 
cases a blank run is made using distilled water and the 
indicator, the volumes of these being nearly the same 
as in a sample run. 

(3) The beaker in which the filtrate is collected need 
not be dried, provided the first runnings of the filtrate 
are used to rinse the same. By this means, weakening 
of the strength of the filtrate by the adhering of the 
water which was used to wash the beaker, is prevented. 

(4) When the water contains permanent hardness, 
sodium carbonate should be substituted for CaO and 
the excess of sodium carbonate in the softened water 
determined exactly as above. When the water examined 
contains both temporary and permanent hardness, they 
are removed by adding lime and sodium carbonate and 
the softened water then examined as above. 

EXPERIMENT 7. 

Oetermination of the amount of Chlorine 
in water. 

Introductory : — Chlorine is present in water in the 
form of one or more of the following compounds : — 

CaCla, MgCla and NaCl. 

The presence of these in water which is to serve as 
boiler-fee^ is injurious to the life of the boiler. Under 
the conditions of temperature and pressure prevailing 
within it, a number of complicated chemical reactions 
take place resulting in the production of free HCl. This 
has a corrosive action on steel plates. The amount of 
chlorine as chloride in water meant for drinking* pur- 
poses serves to indicate its contamination or otherwise 
by drainage. 

Principle : — ^When the sample of water, rendered 
neutral by the addition of N/50 NagCOg or NISO 
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HNOg, according as it is acid or alkaline, is treated 
with N/60 AgNOj run from a burette, the chlorine 
reacts as follows : — 

NaCl + AgNOg^ AgCl 4+NaNOj 

The point at which this reaction is at an end is 
shown by the potassium chromate solution, introduced 
as an indicator at the commencement of the titration, 
turning red. The appearance of this colour is due to 
the formation of silver chromate as a precipitate. 
The reaction is as follows: — 

KgCrO^+2AgNOg— > AggCr0,J^+2KN03 

Solutions required: — 

1. Standard AgNOg! Dissolve 0.5666 gms. AgNOg 
in distilled water and make up to 200 ml. exactly. 1 ml. 
of this=0'000591 gm.Cl. 

2. Potassium chromate: Dissolve 1 gm. in 20 ml. 
water. Add AgNOg, Solution (1), from a burette imtil 
a slight precipitate appears. Let stand and filter. For 
each titration, use 1 ml. of the clear filtrate as indicator. 

Procedure: — Measure out 100 ml. of the Laboratory 
tap-water into a porcelain basin by means of a graduated 
jar. As this water is alkaline, run N/50 HNOg, using 
methyl orange as indicator, until slightly pink. 
Note the volume of N/50 HNOg used. Reject the 
titrated liquid.Rinse the basin twice with distilled 
water. Into it measure out 100 ml. of the tap water as 
before. Without introducing methyl orange, run 1 ml. 
less than the volume of N/50 HNOg required to destroy 
the alkalinity. Introduce now 1 ml. of the chromate 
indicator and add the standard AgNOg until a faint 
reddish coloration is seen. 
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Example : — 

Suppose 100 ml tap-watet required 40'0 ml. Nj 50 
HNOg for neuttalization, methyl orange acting as 
indicator. 

Take 100 ml. tap-water, add 39 ml. N/50 HNOg, 
introduce 1 ml.KaCrO^ indicator and run standard 
AgNOg ftom a burette until red. 

Volume used=10’0 ml. 

GramsClin 100,000 gms. water = 100t)x .000591xl0gm. 

= 5- 91 gms. ' 

Grains Cl per gallon = 5*91 X 0-7 = 4T37 = 4-1 

Notes ; — 

(1) If the water is acid in reaction, the acidity 
must be destroyed by the addition of NagCOg. As silver 
chromate is soluble in alkalies and acids, it is necessary 
to carry out the determination in a neutral, or only very 
slightly alkaline, medium such alkalinity being due 
to carbonate, not ammonia or sodium hydroxide. 

(2) This determination is often helpful in enabling 
one to decide whether the concentration of the salts in 
solution in a boiler has reached a stage at which 
troubles due to overheating of tubes and priming occur. 
Thus if the feed water contains 4 grains of Cl per 
gallon and if the water from the boiler contains 400 
grains of it per gallon, the water has been concentrated 
100 times. If the amount of other sodium salts in the 
feed is known, the total solids in the water can be 
easily calculated. Thus in the feed water, 

NagCOj = 13.0 grains per gallon. 

NaCl — 6.6 „ ,, 


9 > 
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Solids in feed water = 19.6 „ „ „ 

Total solids in the water drawn from the boiler 

= 19.6 X 100 grains, 
= 1960 graiflB. 

The concentration is very high and will lead to 
troubles unless some quantity of water is run out and 
the volume run out made good by make-up water. 

«^3) As it is difficult to get the end point sharply, 
the usual practice is to take 150 ml. distilled water in 
a basin, add 1 pil. chromate indicator and' mn the 
silv^ nitrate until a distinct red coloraticKi is seen. 
0.5-1. 0 ml. may be required for the purpose. Run the 
silver nitrate solution into the sample of water until 
a red colour of the same kitensity as in the blank is 
seen. Deduct the number of ml. AgNOg used for the 
blank run and then calculate. 


7 



CHAPTER lit 


Determinations involving Oxidation and 
Reduction Reactions. 


EXPERIMENT 8. 


Standardization of Potassium Permanganate 

Solution. 

Principle: — In acid solutions containing reducing 
agents, the permanganate decomposes giving 5 gram- 
atoms of oxygen (equivalent to 10 gram-atoms of hydro- 
gen) for every 2 gm. moles of the permanganate. Hence, 
a normal solution of KMn 04 will contain per litre of 


solution 


2 KMn 04 KMn 04 . 
10 5 ” 


31.6 gms. 


With a view to facilitate calculations, a solution of 
KMn 04 of 5/56 N strength is most often used in 
technical analysis. 

As it is somewhat difficult to obtain chemically 
pure permanganate and as the distilled water used 
almost always contains traces of organic matter which 
are oxidized by the permanganate, the most general 
practice of preparing a standard solution of it is as 
follows : — 

Weigh out approximately 2*80 - 2.9 gms. of it in 
a clean, dry, weighing tube. Transfer to a beaker of 
about 1000 ml. capacity. Add distilled water almost 
to the brim. Mix thoroughly by pouring back and 
forth into a second beaker. Let stand for a day ( 24 
hours ) and filter through asbestos into a 
brown bottle. Pour asbestos pulp on to a 
perforated porcelain plate or disc fitted to a funnel so 
as to fotm a layer 1-2 mm, thick. 
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The asbestos pulp is prepared as follows : — 

Some long fibered soft asbestos is cut with a pair 
of scissors into ^ cm. length pieces and the cut piece? 
digested with 30-40 ml of cone. HCl in a basin in a 
boiling water-bath. The asbestos is then filtered off on 
a Buchner funnel and washed with distilled water 
until free from chloride. A small flock of the materail 
is shaken vigorously with about 200 ml. water in a 
flask.- 


This solution is standardi 2 ed against sodium oxalate 
solution. This substance is easily obtained in a state 
of purity, is not hygroscopic and dose not contain water 
of crystalli2ation. The reaction that takes place when 
permanganate solution is added to a hot solution of 
sodium oxalate acidified with dil. HjSO^ is as follows : — 

NaaQ 04 -l-HaS 0 ,-^Na 2 S 0 , 4 -HaQ 0 , x5 
HaCaO,+ O — +2COa x5 
2KMn04 + 3 H 2 SO,— >KaSO,-|-2MnSO,+3HaO-f 50 
2KMnO, + SHaSO.-t-SNaaQO,— ^KaS 04 -H 2 MnS 04 -». 5 Naa 

SOj+SHaO+lOCOj 


The strength of KMn 04 being about 5/56 N, it is 
necessarj." that the strength of the oxalate solution must 
also be about 5/56 JV. 

From the above reaction, it is clear that each gram- 
mole of NajCgO^ requires 1 gram-atom of oxygen 
( =2gram-atoms of hydrogen ) for oxidation. Hence 1 
litre of 5/56 iV strength of sodium oxalate will contain 


5 _ _ n4 
; .2 ' ^ 56 “ 2 ' 


X 56= 5-9821 


gms. 


Procedure : — From 5.9-6.0 gms. of it are exactly 
weighed out into a 400 ml. beaker. 200 ml. of distilled 
water added and about 10 ml. of 6iV sulphuric acid 
is also added. The oxalate is brought into solution by 
heating to about 70“C„ then transferred to a nlefisuring 
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flask of 1000 ml. capacity, the beaker rinsed wiili distil- 
led water 3-4 times, the rinsings poured into the measu- 
ring flask, the contents of the flask cooled to the Lab. 
Temp, by cooling under the tap and the solution th^ 
made up to the mark with distilled water. The solution 
is then thoroughly mixed by pouring back and forth in- 
to a clean, dry beaker four or five times. 

Pipette off 20 ml. of the oxalate solution into a 400 
ml. beaker. Add 3-5 ml. of 6iV-H,SOj, dilute to about 
200 ml. with distilled water, heat to about IQPC. and 
run the permanganate solution from fhe burette, slowly 
at first, and then fairly rapidly, until the solution is 
coloured faintly pink. The mean of three titration 
values is taken in calculating the strength of the perman- 
ganate solution. 

Enter the results thus : — 


Weight of NajC ,04 = 6.000 gms. Dissolved in water 
and the solution made up to 1 litre exactly. 



Na,C304 


KMnO^ 


20 ml. 


0.8-21.1 =20.3 ml. 


20 ml. 


1.2-21.5 =20.3 „ 


20 ml. 


2.0-22.3 =20.3 „ 

Sum 

60 ml. 


60.9 ml. 

Mean 

20 ml. 

- 

20.3 ml. 

Calculation : — The strength of the oxalate solution 

wiU be 

6-000 5 

5-9821 56 

- iV. The strength of the perman- 


ganate solution will, therefore, be x ’‘"36" 

N. 1 ml. of ~ iV-KMnO^ = 0-005 gm. Fe. ’ 


Notes : — 

(1) l/4th or l/5th of the 4]uantkies of iCMnO| and 
NasQOff may be used instead of the weights me ntioned 



and the volumes of the solutions made should then be 
either 250 ml. or 200 ml. . 

(2) As standard solutions of KMnO^ are required 
constantly in analytical work and as they fall in strength 
due to the action of sunlight, when they are stored 
in colourless bottles, amber-coloured or blackened 
bottles are recommended for storing the same. They 
should be glass-stoppered and protected, from dust 
particles and from reducing gases such as HjS, SO3, etc. 

(3) A burette with a glass stop-cock is to be used 
with standard KMnO^ solution. The strength of the 
same falls when used in burettes with rubber tubing 
and pinch clamp due to the oxidation of rubber. As 
there is no such reaction between rubber and oxalate 
solution, it may be filled into a burette with rubber 
tubing and pinch clamp. 

EXPERIMENT 9. 

Determination of Iron in Iron Ore. 

Principles — The ore is brought into solution in HCl 
or in a mixture of HCl and HNO3, in the caseof a sul- 
phide, and, in the latter case, the excess HNOg driven 
off by evaporation with HjSOj to fuming. The ferric 
chloride or sulphate thus obtained is reduced by means 
of zinc to the ferrous condition. The ferrous iron 
solution is titrated with a standard solution of KMn 04 
until a faint pink colour is obtained. 

The reactions that take place on solution of hema- 
tite and on reduction and titration are represented as 
follows : — 

FePs + 6 HCl 2Fea3 + 3H,0 

2FeClg + Zn — ^ 2FeCla d" ZnClj 

10FeCla+16HCl+2KMnO4 — ^10FeCl3+2KCl 

+ 2MnCla+8HaO. 
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Introductory: — 

The question that arises before starting an experi- 
ment like this is : What is the quantity of the ore that 
should be taken for analysis ? The assumption is first 
made that it is the pure sesquioxide of iron. It is then 

1 1 2 4 . 100 

seen that it contains ~ — or 70!2 Fe. As the final 

step in the determination is the oxidation of 
the ferrous to the ferric salt , by < means of a 
standard solution of KMnO^, 1 ml. ^ of which = 0.003 
gm. Fe and as the volume of this solution is to be 
about 20 ml. to avoid errors in taking burette readings, 
it follows that if we start with 1 gm. ore we shall be 
using .7/.005 or 140 ml. of the KMnO^ solution. This 
means that when we use a 50 ml. burette, it will have 
to be refilled at least 3 times before finishing a determin- 
tion. Ordinarily the weight of ore taken should be 
such that no more than one buretteful of the standard 
solution is required. Hence the weight of ore will be 
20/140 of 1 gm. i.e., 0T4 gm. . This weight will be 
suitable when we are dealing with pure ferric oxide ; 
but in practice we have to handle ores ranging from 
40^ to 68Z Fe. To cover the cases of all the commer- 
cial grade ores, a convenient weight to take will be 0.3 
gm. of the material. It cannot be too much emphasized 
that a calculation of this nature should precede the star- 
ting of every quantitative exercise. Omission to do 
ti)is will, besides involving loss of time, and waste of 
reagents, lead to inaccuracy of results. 

Procedure : — Sfep 1. Weigh out a .5 gm. sample 
of the ore into a 100 ml. Jena flask, wash-bottle type, 
or a 250 ml. conical flask. Add 10 ml. cone. HCl and 
warm over a low flame for about 10 to 15 minutes. 
Increase the heat gradually and keep at a gentle boil 
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for about 10 minutes. Evaporate nearly to dryness and 
then add about 10 ml. of cone. HCl. Dilute with cold 
water to about 40 ml. . In case a 100 ml. capacity 
flask of the wash bottle type was used, transfer the so- 
lution to a 250 ml. conical flask. 

Step 2. Add to the solution 6 gms. of pure gran- 
ulated zinc (weigh the zinc to the nearest decigram on 
an ordinary balance). 20-mesh zinc powder, if availa- 
ble is. to be preferred. Allow the reduction to proceed 
at the ordinary temperature first and as the vigour of 
reaction slows down, heat to boiling. When the reduc- 
tion is complete, the resulting ferrous chloride solution 
will be colourless ; to make sure, the following test is 
applied : a drop of a solution of KCNS (potassium 
thiocyanate) is placed on a porcelain tile. A drop of the 
reduced solution, taken at the end of a glass rod, is allo- 
wed to mix with it. Separate rods or pieces of tubing 
should be used. Absence of red coloration indicates 
complete reduction. A suggestion of a reddish' tinge may 
be ignored. The reduced solution is diluted in the coni- 
cal flask to a volume of about 200 ml. with cold distil- 
led water, 5 ml. of cone. HaS 04 are next added to it and 
it is allowed to stand at room temperature till all the 
zinc goes into solution. 

Step 3. The solution is now filtered through glass 
■ wool or asbestos, the filtrate being collected in a beaker 
of 750 ml. capacity. The conical flask is well washed 
with cold distilled water 3 or 4 times and the washings 
poured on to the glass-wool. In the absence of glass- 
wool. 01 asbestos, absorbent cotton (bleached cotton 
wool) may be substituted. 

Step 4. The filtrate contained in the beaker is dilu- 
ted to a volume of about 600 ml. . Into it a standard 
solution of KMnO^ is run from a burette with gptss stop- 
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^ock and the solution stirred with a glass tod. The 
addition of KMnO^ solution is stopped when a faint 
pink colour persisting for about half a minute is ob- 
tained. 

Calculation : — From the equation given above, it 
is clear that 2 formula weights of KMn 04 will oxidize 
10 gm-atoms of Fe from the ous to the ic condition (/. e.") 
316 gms. KMnO^ = 10 x 56 or 560 gms. iron. If the 
standard solution of KMn 04 is 5/56 N and if 60.5 ml. 
of this solution are used up, then wd have 1 litre 5/56 N 

will contain x 5/56 gms. KMn 04 . 60.5 ml. of 

etc/- 60.5 

bi:3bi\ strength win contain x 5/56 x 
KMn 04 . 

316 gms. KMn 04 = 560 gms. Fe. 

316 X 5 X 60.5 560 x 316 x 6 x 60.5 

10“x 56“>n060 ” 316 X 10 X 56 X 1000 

gms. Fe. 

As a 0.5 gm. sample of ore is taken for analysis, to 
calculate the percentage of iron in the ore, multiply by 
200 . 

Percentage of iron = x 200 = 60.5 

The above calculation is lengthy and such lengthy 
calculations must generally be avoided. We know 1- 
litre 5/56 N — ^KMnO^ = 1 litre 5/56 N — Fe. 

Now a normal solution of iron will contain 66 gms. 
of it per litre, as will be evident from the following 
reaction: — • . 

2FeO + O — >Fe, Oa 
or 2FeCl, + Cl, — > 2FeCl3 

Knowing the weight of iron contained per litre of 
5/56 N solution, we have to calculate the weight in 
60,5 ihl: ahd therefrom the percentage. 
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Notes : — (1) To facilitate weighings to be made 
rather expeditiously, not damaging the balance in any 
way at the same time, an aluminiium scoop and its 
counterpoise also, of aluminium, are placed one on each 
pan of the balance. The ore is placed on the scoop,' 
added beingt o or removed from it by means of a stainless 
steel spatula and camel hair brush until it is equal to the 
weigh required. Very often in the technical analysis of 
the material now considered, it will be found that no 
great inaccurady results when 0‘500 +;0.001 gta. instead 
of 0.500 gm. is weighed out for a determination.. This 
should not be taken to mean that such latitude is per- 
missible in the final weighing of a precipitate from 
which the y of a constituent is obtained. 

/o 

( 2 ) From the calculation it is evident that the 
number of ml. of KMn 04 solution of 5/56 N strength 
used up also represents the percentage of iron in the ore, 
when the weight taken for analysis is 0.500 gm. It will 
now be clear why, in preparing a standard solution of 
KMnO^, we use that weight of it which will give us a 
solution 5/56 N strong. Also the reason for taking 
0.500 gm. sample of ore for analysis, in preference to 
other weights of it, will be clear. By such procedure, 
the calculations become very simple and do not take time. 

( In an Iron and Steel Works’ Laboratory, where 
analysis of the same class of material is to be made every 
day, the procedure adopted is the one described above. 
Permanganate solution of any other strength may be 
used and any other convenient weight of ore may be 
taken for analysis ; only the quantities of reagents will 
have to be suitably adjusted. ) 

( 3 ) To hasten solution of the ore, boiling the 
same with cone. HQ very vigorously is not effective, 
8 
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The acid gets weakened thereby, requiring the use of a 
large quantity of the acid. About 15-20 ml. cone. HCl 
is ample for 1 gm. ore, if gentle heat is appliedl for 
dissolving the ore. 

( 4 ) When there is a residue which does not 
dissolve in HCl and the same contains iron, the following 
modification is necessary: — 

Evaporate the solution of the ore in HCl to dryness. 
Redissolve in dil. HCl, boil and filter. Wash the rjesiaue 
on the filter paper free of FeClg by means of dil. HCl at 
first, and finally, with water. Call the filtrate A. Ignite 
the residue in a platinum crucible. Fuse the ignited 
residue with 2-3 gms. of fusion mixture. Extract the 
fusion with water, add dil. HCl until the carbonate is 
neutralized and some free acid is left. Boil to dissolve 
any residue of iron oxide. Add this solution to the 
filtrate A. Determine the iron from the combined filtrate 
as above described. 

( 5 ) Reduction with zinc has the disadvantage that 
it reduces other salts, for example, TiCl^, ( titanium 
tetrachloride ) which passes into solution, when the ore 
contains titanium, and when treatment of the residue in 
the manner described above is adopted. Such reduction 
leads to the registration of a higher value for iron, as 
the reduced TiClj is oxidized to TiCl^ by KMnO^. 

( 6 ) Reducing agents which do not have the above 
disadvantage are HjS and SOg. They, however, have 
the drawback that the removal of excess of either' before 
proceeding with titration, takes time^ In consequence, 
they are not generally employed in a busy Iron Works* 
Laboratory. 

( 7‘) The redufcing agent - whieh has found most 
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favour in such laboratories is SnClj. Its use is d^cribed 
in Expt. 10. ' 

( 8 ) In the case of certain ores, notably the black 
band ore used in England, ignition for half an hour in a 
platinum crucible is necessary before dissolving in HCl. 
Certain organic matters are thus destroyed which would 

otherwise cause high results. 

* 

( 9-) The high results for iron, arising from any 
inadvertent use of excess of HCl, in solutions containing 
ferrous iron when tTiey are to be titrated with potassium 
permanganate, can be avoided by adding 20 ml. of the 
following mixture to the solution ready for titration: — 


Manganous sulphate crystals C. P. 90 gms. 
Water 650 ml. 

Sulphuric acid ( S.G. 1.84 ) 175 ml. 

Ortho Phosphoric acid ( S.G. 1.70 ) 175 ml. 


Dissolve the manganous sulphate in 150 ml. of 
water. Add the phosphoric acid to about 200 ml. of 
water. Pour the concentrated sulphuric acid into about 
300 ml. of water. Pour the three solutions, in the order 
mentioned, into a litre bottle. Use the solution after it 
has stood 3-4 days. In the freshly prepared condition, 
it has a slight oxidizing action. 

With such a solution ready to hand the reduction of 
ferric iron may be effected by means of SnClj solution 
in place of zinc. Further details of procedure are the 
same as those described in Experiment 10, (i.e.) 20 ml. 
of the above mixture are introduced into the solution 
which has been got ready for titration by reduction with 
SnCla and the addition of HgClg. The above reagent is 
referred to sometimes as the ‘Zimmermann-Reinhardt 
Reagent*. 
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A few explanations as to the details of 
procedure : — 

Measured quantities of acid are used for two reasons: 
first, in most cases large quantities of them will interfere 
with the accuracy of the determination ; secondly, all 
waste should be avoided. In the determination in 
question, 10 ml. of cone. HQ are used to start with. 
A larger volume of the acid is unnecassary to bring the 
weight of ore taken into solution ; also the ’larger 
volume will take time to get reduced in bulk. The 
second addition of about 10 ml. cone. HCl is made to 
have sufficient acid in the flask for the subsequent reac- 
tions: namely, the reduction with zinc and the final 
titration with KMnO^. If too . large a volume of HQ 
were used at this stage, it would interfere with the final 
citration in the following manner: — 

2KMn04+16HQ — ^ 2KQ+2Mna3+8HaO+5Q3 

Chlorine will be evolved and the volume of KMnO^ 
being higher, a higher percentage of iron will be 
returned. 

The object of adding 5 ml. cone HjSO^ is to reduce 
to a minimum the above reaction. It must be remem- 
bered that permanganate’ titrations when made with 
solutions containing HQ cause a slight inaccuracy 
because of the above reaction. The presence of HjS 04 
tends to reduce the error thus caused to a minim um. 

It is necessary to take a weighed amount of zinc 
because it contains small quantities of iron which must 
be determined and allowed for. As the quantity of iron 
present in it is small and consumes about. 0.2 to 0.5 
ml. of the standard KMnOj when 6 gms. of zinc are 
used, it is enough if the zinc is weighed to the nearest 
dedgraflQ. 



Though the reduction of iron to the ‘ous* condition 
is complete before all the zinc is dissolved, it is necessary 
to wait for all the zinc to dissolve, as a blank determi- 
nation for iron in the zinc has to be run, using the same 
weight of zinc and the same volumes of acid as were 
used in the analysis of the ore. 

The reduced solution is filtered through glass-wool 
or asbestos because absorbent cotton filter, if used, will 
register a somewhat higher percentage of iron due to 
the oxidation of ahy cotton fibre that might pass throu 
gh, by the permanganate. In technical analysis, the use 
of cotton is not so very objectionable. Filter-paper, if 
used, will consume much time for filtration. The reason 
why the reduced solution is filtered at all is this : zinc 
contains in addition to iron, arsenic, lead, etc. . These 
do not go into solution completely. They consume 
KMnOj through indirect action and will register a higher 
percentage for iron. The amount of permanganate 
consumed becomes variable when the ore treated conta- 
ins also lead, arsenic, etc. and a blank determination for 
these impurities in the ore cannot be made. Hence, the 
necessity for filtering off the residue left. 

Large dilution to a volume of 600-700 ml. is 
necessary te reduce the action between HCl and KMn 04 
to a minimum and to get a fairly sharp end-point. 

EXPERIMENT 10 

Determination of Iron in Iron ore making use of 
Standard Potassium Dichromate solution. 

Principle : The ore if hematite is brought into 
solution in HCl; if it is pyritic, in aqua regia; evapora- 
ted to fumes with HgS 04 redissolved in cone. HCl 
The k chloride thus obtained is reduced while boiling 
hot to the ous condition by mem9 of stannoHS chloride 
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solution. The reduced colourless solution is cooled, 
treated with a solution of HgClj to remove excess of 
stannous chloride and then titrated with standard KjCrg 
O 7 using potassium ferricyanide as external indicator. 
The essential leactions involved are given below : — 
2 FeCl 3 + SnCIa — ^ 2 FeCl 2 + SnCl^ 

SnCla + 2HgClj, — ^ SnCl^ + HgaClj. 

6 FCCI 3 + KaCrgO, + 14 HCl — > 6FeCl3+2KCl 

+CI 2 CI 5+7 H 9 O 

Solutions required : 

1. Solution of Potassium Di chromate : — 

Calculate the wight of dichromate necessary to 

get a litre of the solution 5/56 N strong. This will be 

4.39 gms. This will be clear from the following : — 

One formula weight of KjCrgOy has 3 available gm 

atoms of oxygen for oxidation. It splits into K^O, CrjOg 

and 3 O in the process. Hence a normal solution of 

j. , ... . KnCrnO, 294.5 ^ 

dichromate will contain ~ or — or 49.083 gms. 

per litre. Dichromate solution of 5/56 N strength is 
chosen for the reason that 1 ml. of this solution 
corresponds to 0.005 gm. iron and when 0.5 gm. of 
a sample of iron ore is taken for analysis, the number 
of ml. of the dichromate solution used will give the 
percentage of iron directly. 

2. Stannous chloride solution : — 


Dissolve 50 gms. stannous chloride in 200 ml. cone. 
HCl. Dilute with water to 1 litre. Preserve by adding 
a few pieces of granulated tin. SnCI^ formed by atmos- 
pheric oxidation is thereby reduced to SnCIg, and the 
reagent thus kept intact. 

3. Mercuric chloride solution : — 


A saturated solution in water at the laboratory 
temperature.. 

Potassium ferricyanide indicator : — 
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Dissolve a piece half as big as a pea in 50 ml. 
distilled watet. Wash a crystal of the above size in 
distilled water by holding it between the fingers to 
remove traces of ferrocyanide on the surface of the 
crystal. Dissolve the crystal thus washed in 50 ml. water. 

Procedure: — ^eigh exactly 0.5 gm. sample of the 
hematite ore into a 250 ml. conical flask. Add 10 ml. 
cone. HCl and heat over a low flame for a few minutes 
and then increase the heat gradually. Keep .at a gentle 
boil until nearly , evaporated , to dryness. Add 8 ml 
more. cone. HQ. Dilute to about 40 ml. with cold 
distilled water and then heat to boiling. Take off the 
burner and add stannous chloride solution from a 
dropping bottle, drop by drop, shaking the conical flask 
all the while until the red colour is completely discharg- 
ed. Add a few drops more. Cool to the Lab. Temp, 
by running cold water from the tap on to the outside of 
the flask, add 10 ml. HgClg and dilute to 200 ml. with 
cold distilled water. Run potassium di chromate solu- 
tion into the reduced solution after transferring it to a 
beaker of 500 ml. capacity. ( To facilitate thorough 
mixing during titration, tlie reduced iron solution is 
transferred from the ccnical flask to a beaker ). Add 
20 ml. of the dichromate at first, stirring well with a 
rubber-tipped glass rod. Take out a drop from the 
beaker and allow it to mix with a drop of potassium 
ferricyanide solution (freshly prepared) on a spet plate. 
Use a separate piece of -glass tubing for transfer of 
ferricyanide to the spotting plate. If a blue colour 
develops, all the ous iron has not been oxidized to the 
ic cohdition. Continue the addition of the dichromate, 
testing between 5 ml. additions, using a fresh drop of 
the indicator for each test, and afterwards between 1 or 
2 ml. additions, as suggested by the less and less 
intense blue coloration. The endrpoint is fet^ched when 
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immediately on the addition of a drop from the titrat- 
ing beaker, there is no blue colour developed. If the 
dichromate solution is of the strength prescribed, the 
number of ml. of the dichromate solution used registers 
the percentage of iron in the ore. If it is of any other 
strength, say, NllO, the iron percentage may be calculated 
as follows: — 


1 ml. of 5/56 N corresponds to 0. 
n ml. N[10 „ 


^.005 gm. Fe 

1 .005x56xn -a' . 

ml. NjlO „ 5xT0 ‘ 

^ . .005x56xn 

gm. ore contains gm Fe. 

vnv^oo 


.5 

100 gms 


Notes: — ( 1 ) This method possesses a distinct 
advantage over the reduction with zinc in that the 
reduction is completed in a minute or two. But the 
titration with dichromate takes more time than the 
titration with permanganate. Also in this case, the 
use of an external indicator is unavoidable. In Iron 
and Steel Works’ Laboratories where a number of 
analyses of the same class of ore has to be made, reduc- 
tion is effected by means of stannous chloride and the 
subsequent titration carried out with di chromate solu- 
tion. As there is always a danger of overstepping the 
end point by the method of titration described above, 
the following modification may, with advantage, 
be made : 

Reserve about 50 ml. of the solution, which is 
t^dy for titration, in a small beaker ; titrate the main 
portion until the end-point is slightly passed, then trans- 
fer some of the reserve solution and continue the titra- 
tion cautiously until the end-point is nearly reached. 
Then mix. with the r^t of the reserve solution and 
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cautiously add until the end-point is just reached. 
Titration with KMnO^ of solution containing HQ, 
gives rise to somewhat higher results while that with 
KgCraOj is not affected at all ; as a matter of fact, when- 
ever a hydrochloric acid solution of ferrous iron is to 
; be titrated, the latter oxidant is preferred. 

(2) In case the residue on dissolving the ore in 
' HQ contains iron, it is necessary to filter off the solu- 
tion, ignite the residue, fuse with fusion mixture, dis- 
solve the fused m§ss in HQ, add the solution to the 
original filtrate and proceed with reduction with SnQ^ 
solution and titration with 0‘1 N KaCr^Oj, using the 
external indicator. The details are shown under 
‘Notes’ para 4, Expt. 9, page 58. 

(3) In technical practice, the usual procedure is to 
make as many determinations as possible from one and 
the same weighing of the sample of ore, metal or 
alloy. The determination of iron may be carried out 
along' with that of SiOg. This procedure helps to save 
time and reagents. Apart from such considerations, 
when the quantity of material available for analysis is 
small or limited, determination of as many constituents 
as possible from one weighing is a necessity. 

(4) In recent years, an internal indicator has been 
introduced for the titration of ferrous iron with stand- 
ard dichromate. This indicator is made as follows : — 

1 gm. diphenylamine is added to 100 ml. cone. 
HgSO^ contained in a dropping bottle. 2-3 drops of the 
indicatof will suffice for each titration. It gives an in- 
.tense violet-blue colour when the ferrous iron has been 
icompletely oxidized and one drop of OT iV KaCrgOy is 
^ excess. The deep violet-blue colour can be destroyed 
fcy introducing excess of a standard ferrt&s ^ari|mo- 
^um sulphate solution, so that even if the end-point is 

9 
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considerably passed, when adding the dichromate, it is 
possible to hit it off exactly by introduction of excess 
of O'l N ferrous ammonium sulphate and finishing off 
carefully with 0‘1 N K^Ct^O,. 

The sharpness of the end point is improved by the 
addition of 20 ml. of the following mixture to the 
solution which is ready for titration : — 

Sulphuric acid (S. G. 1. 84) 150 ml. 

Ortho phosphoric acid (S. G- 1.70) 150 ml. , 
Water to make 1000 ml. 

Add the sulphuric acid to about 300 ml. water 
contained in a flask of about 1000 ml. capacity. Pour 
into this the phosphoric acid and add water to make a 
total volume of about 1000 ml. Mix thoroughly. 

The indicator solution retains its usefulness even 
when it turns brown. 


A few explanations on the procedure : — 

Recall the remarks made in connection with the 


bringing of the ore into solution in the determination 
of iron using KMnO, standard solution. The stann- 
ous chloride is added from a dropping bottle to the boil- 
ing hot ferric chloride solution, as a large excess of 


SnClj is to be avoided, and as the reduction is quicjkest 
when the solution is boiling hot. FeQg is colourless. 
So the addition of SnCla is stopped when the |red or 
yellow colour of FeClg is completely dischargqi^. To 


have a slight excess, thus making sure that th4 reduc- 


tion is complete, a few drops more of SnClj ar^ added. 


The solution is quickly cooled, as, otherv^jge, the 
reduced solution will be oxidized by tlie oxyg^en in the 
air. To the cold solution, 10 ml. HgClj arL added ; 
this voluoojp is enough to react with the excess^of SnCl,. 
An excess%f HgCIp does no harm ; but a de^ciency of 
*^-,wiH register a higher percentage for iro^i^ as in this 



case, all the SnClj will not be removed and the latter 
will consume dichromate solution, being oxidized to 
SnCI^. The addition of HgCl^ is made to the cold and 
not to the hot reduced solution because in the latter 
case, a precipitate of Hg, in a very finely divided con- 
dition, will be obtained which will also be oxidized by 
the dichromate, thereby ) ielding a higher percentage 
for iron. A fair dilution of the reduced solution is 
necessary in order to minimise the error caused by 
having to take out ^test-drops. 

The reaction leading to the separation of finely 
divided Hg is as follows : — 

HgClj + SnCla — > Hg -b SnCl,. 
EXPERIMENT 11. 

Analysis of Limestone, dolomite, magnesite : — 

Limestone and dolomite are used as fluxes in the 
Iron Blast Furnace. They are also used in the calcined 
condition as fluxes in steel making by the basic open 
hearth process. Magnesite is the raw material for the 
manufacture of magnesite bricks used in the construc- 
tion of basic open hearth furnaces. 

Standard solution required : — OT iV KMn 04 . 

Principle of method ; — 

The limestone is dissolved in HCl when SiOg 
separates as a residue. This is filtered off. 
The filtrate contains FeCIg , AlClj CaQg and 
MgClg. The two first are precipitated as hydroxides by 
ammonia, filtered oflF, ignited and weighed. By treat- 
ment w ith Ladg yiclds CaCg^^^ as a 

precipitate when the medium is slightly ammoniacal. 
The precipitate is filtered ofif, dissolved in sulphuric 
acid and titrated with OT N” KMnO*. See Expt. 8 for 
the titration reaction. MgCl, on treatment with^(NH 4 )a 
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HPO^ and ammonia yields MgNH^PO^. This is ignited 
and weighed. 

Obtain a dry sample as followsr-Spread in a thin 
layer about 3-5 gms. of the powdered material on a 3" 
watch glass. Heat 
in an air oven. 

Fig. 3 a (gas-heat- 
ed ) or 3 b ( elec- 
trically-heated ) at 
1 05 ®C. for an hour. 

Cool in a desicca- 
tor. 



Fig. 8 a 



Fig, 8 b 
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Determination of SiOa • — Weigh 0.500 gm. of the 
dry sample into a 200 ml. beaker covered with a cover- 
glass. Add a mixture of 10 ml. of water and 10 ml. of 
1.1. s.g. HCl, gradually. When the vigorous effervescence 
is over, add a drop or two of cone. HNOg and evapo- 
rate to dryness on the hot plate. Continue heating at 
no'’ - 120‘’C. for half an hour to dehydrate the silicic 
acid. Cool; add 10 ml. of HCl S.G. 1.1 and 10 ml. of 
water ; gently boil and filter off the residue through a 
9 cm. filter paper ; rinse the beaker five or six times 
using about 10 ml. of hot water each time; transfer the 
residue on to the* filter paper and wash the filter paper 
thoroughly with hot water two or three times more, 
each time allowing the liquid completely to drain. Dry 
the filter-paper in an air oven. Spread on a clean and 
dry watch glass and let stand in the oven for half of an 
hour. Remove from the oven, transfer to *a silica, 
porcelain or platinum crucible, ignite first over a 
Bunsen burner and then over a blast lamp ; cool in a 
desiccator and weigh. The weight multiplied by 200 
gives the percentage of ‘Insoluble Matter’. If SiOa is 
required, the ignition must be conducted in a platinum 
crucible, the cooled mass weighed with the crucible, 
the residue hydrofluorised ( See Expt. 56. ) and then 
ignited, cooled and weighed. The difference between 
the two weighings gives the weight of SiO^ on 0.5 gm. 
sample from which the percentage is calculated. In 
ordinary technical practice, it is enough if the ‘Insoluble 
Matter’ is reported. 

' r 

Determination of FeaOs+AIaOa :~To the filtrate 
from the ‘Insoluble Matter’^ 2 gms. of solid ammonium 
chloride are added, the volume of the filtrate made to 
about 15D ml. and ammonium hydroxide ( S. G. 0.96 ) is 
added until the liquid smells of ammonia. The liquid 
with the precipitate is boiled for two or threfe jninutes. 
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At the end of this time, the smell of ammonia should still 
be noticeable ; if there is no smell of it, run more of the 
reagent by means of a glass rod into the boiling liquid. 
Boil until there is a faint smell of ammonia. The 
precipitate is allowed to settle for a few minutes, then 
filtered off and washed free of chloride, ( test ? ) dried, 
ignited in a porcelain crucible over a Bunsen burner, 
cooled in a desiccator and weighed. The weight 
obtained multiplied by 200 gives the percentage of 

FegOa+AlgOg. ^ 

To obtain the amount of each constituent separately, 
either of the two following methods designated as A 
and B may be adopted. 

Solutions required: — 

( 1 ) 0’02 N KMn 04 . Dissolve 0.65 gra. of the salt 

in 1 litre of water and standardize against pure NaaC 204 
as in Experiment 8, or, dilute 20 ml. OT iV KMn 04 
prepared in Experiment 8 to 100 ml. exactly in a 100 
ml. measuring flask, with water. Mix and use. The 
former is the more correct procedure. 

( 2 ) Stannous chloride solution: — 5 ml. of the 
solution prepared in Experiment 10, page 62, is diluted 
to about 25 ml. with dil. HCl of 1.1. S.G. 

( 3 ) Mercuric chloride solution;-the same as in 
Expt. 10. 

( 4 ) The Zimmermann-Reinhardt Reagent: See 
para 9, Notes, Expt. 9, page 59. 

Method ‘A’:-The ignited residue is transferred, 
after weighing, to a conical flask ( IQO ml. capacity ) ; 
dissolved in cone. HCl ( 10 ml. ) with the aid of a few 
drops of SnClg and gentle heat for about an hour. In 
about this time, the residue goes into solution com- 
pletely. The hot solution containing Fe and A1 in the 
form of the chlorides in trivalent condition is reduced 
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with SnCIa so that the «• iron changes to the ous iron. 
This solution is cooled ; treated with 5-10 ml. of 
HgClj and titrated with standard KMnO^ solution in a 
porcelain basin of 1 litre capacity containing about 500 
ml. of distilled water to which has been added 30 ml. of 
MnSO* solution (the Zimmermann-Reinhardt Reagent). 
The solution helps to give accurate results for iron 
when the solution contains some free hydrochloric acid 
and the permanganate titration is adopted. From the 
number of ml. of the standard KMnO^ used, the 
amount of iron is calculated. This is changed to FcgOg. 
This weight is deducted from the combined weight of 
FcjOj-f- AljOg. Thus AlgOg is obtained separately. 


Notes; — 

( 1 ) Ignited iron oxide from ferric hydroxide 
precipitate does not dissolve readily in cone. HCl. The 
addition of a few drops of SnClg hastens solution. 

( 2 ) A blank using the same volume of reagents 
and distilled water as in an actual run should be made. 
The number of ml. KMnO^ used to give a pink colour 
of the same intensity as in the sample run should be 
deducted from the number of ml. for the assay and the 
calculation of FcgOg then made. 

( 3 ) When the amount of the constituent deter- 
mined is small, it is the usual practice to make the 
standard solution very weak, thereby avoiding errors 
in burette readings, necessarily arising when only 0*5 
or 1 ml. of the stronger standard is consumed. 

(4) The use of dichromate standard solution is 
not possible when percentages of iron smaller than 5, as 
in the present case, are being determined. The solution 
of iron is so weak that the reaction with KgFe (CN), 
does not give a sharp end point. ■ 



(5) The diphenylamine indicator may be used 
when using IST/SO-N/ 50 permanganate solutions. 

Method B : — Weigh 1 gm. of the sample into a 
200 ml. beaker. Add a mixture of 10 ml. HCl of 
S.G. 1.1 and 50 ml. water. Bring into solution by 
gentle boiling. Reduce with SnClg and proceed as in 
the determination of iron in iron ore using the 
permanganate method of titration. From the percentage 
of FegOa+AlaOg, deduct the ^ of FejOg to get the of 
AljOg. For a colorimetric method for Fe, see 
Experiment 52. 

Determination of CaO : — To the filtrate from the 
hydroxides of aluminium and iron, add 3-4 gms. of solid 
ammonium chloride. Raise to a boil. Add 30 ml. 
of a saturated, boiling hot solution of ammonium 
oxalate. Continue to boil for a minute or two longer. 
Allow the precipitate to settle for one hour at 90®-100° C, 
Filter off the precipitate of calcium oxalate; wash it free 
of the precipitant (i. e. ammonium oxalate) with 
boiling hot distilled water. Test the filtrate by running 
about 5 ml. from the funnel during washing into a test 
tube; acidify with about 10 drops of 6iV-HaS04, raise to 
a boil; add 1 or 2 drops of the standard KMn04 
solution. If the pink colour does not persist, the 
precipitate is not free from ammonium oxalate. When 
free, puncture a hole in the filter paper with a pointed 
glass rod and wash down the precipitate into a 600 ml. 
beaker with hot water; dissolve it by pouring through 
the filter paper hot dilute H3SO4 (about 10 ml. of 
6IV-acid). Wash the filter-paper a few times with hot 
water, collecting the water in the same 600 ml. beaker. 
Raise the solution of calcium oxalate in dil, HjS04 
to about, 70 “C. and titrate with standard KMnOj, The 
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solution of KMnO^ used in iron determination in 
Expt. 9 may be used. 

1 ml. of KMn 04 = 0.005 gm. Fe. 

1 ml. of the same ss 0.0025 gm. CaO. 

The value of KMnO^ in terms of CaO is obtained 
by multiplying the iron value by 0.5. From the 
following, the above will become evident : — 

1 litre iV/ 10 KMnO^=l litre NI10C&CP^=1 litre N/lOCaO 
1000 ml. of N/JO KMnO^ = 56/20 or 2.8 gms. CaO 
1000 ml. of JV/10 KMn 04 = 56/10 or 5.6 gms. Fe. 

Alternatively, the precipitate of CaQO^ may be 
ignited in a platinum crucible to CaO and the oxide 
weighed. Ignition should be repeated until two 
consecutive weighings agfee. Owing to the rapid 
absorption of CO* by. CaO from the air, special pre- 
caution should be taken to leave, both in the desiccator 
and in the balance case, a small quantity of soda-lime 
in a glass tray to absorb COg present. The titration 
method is to be preferred and is followed in Works’ 
Laboratories. 

Determination of MgO : — Reduce the bulk of 
the filtrate to a volume of 300 ml. by evaporating in a 
large-size basin, after adding 2-3 ml. cone. HCl. When 
the solution is boiling hot, add 20 ml. of a saturated 
solution of (NHJgHPO^. Stir vigorously and introduce 
100 ml of. 0’96 S.G. ammonia, continuing the stirring 
' all the.while. Let stand 2 hours or, until cold, and filter. 
Wash the precipitate free of ammonium chloride with 
2.5% ammonia- water, which is obtained by mixing one 
volume of ammonia of s.g. 0.88 with nine volumes of 
water. Transfer the precipitate with the filter-paper to 
a porcelain crucible. Heat slowly so that • ^e filter 
10 
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paper is dried. Gradually increase the heat to char it. 
Continue to raise the heat so that the black mass is 
completely oxidized. At this stage, maintain the full 
heat of a Teclu burner or a blast lamp for half an hour. 
Cool and weigh. From the weight of the pyro-phos- 
phate of magnesium, calculate the percentage of 
magnesia. 

Notes : — 

(1) The reaction that takes place when to a slightly 
acid solution of a magnesium salt,* ammonium phos- 
phate followed by NFI^OH is added is as follows : — 

MgCl3+(NH,)aHPO,+ NH4OH— >MgNH,PO,-f- 2NH4CI 

+H*0. 

When the precipitate of MgNH^PO^ is strongly 
ignited, it decomposes as follows : — 

2MgNH,PO,— ^Mg3P,0, -I- 2NH3+H3O 

When the precipitation of MgNH^PO^ takes place 
in a cold solution, the precipitate must be allowed to 
settle for a period of 12 hours before it is filtered off. 
In technical practice where many samples have to be 
analysed, the precipitation is made in the evening, the 
precipitate allowed to stand overnight, filtered off in 
the morning and then ignited. The precipitate, when 
formed from a hot solution, can be filtered off after 
standing for only two hours, as it is coarsely crystalline 
when precipitated hot and settles down quickly. 

(2) The ignition of the precipitate to convert it 
into the pyrophosphate takes a long time, mote . than 
an hour from the start. Even after such prolonged 
heating, it does not sometimes become perfectly white. 
This is due partly to traces of organic matter in the 
reagents used and partly to forcing up the rate of 
heating during the charring of the paper. The more 
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gradual and the more complete the charring, the 
whiter is the pyrophosphate obtained. 

Modification due to J. O. Handy : — Equally 
accurate results have been obtained by this method. It 
has the advantage of simplicity and can be adopted in 
localities where a gas supply for heating purposes is not 
available. 

The Method: — Dry the filter paper with the preci- 
pitate of MgNH^POi in an air-oven at a temperature of 
50-60 °C. for 15 jninutes. Place the dry filter with 
the residue in a dry beaker, add a measured excess of 
JV/10 HaS04 and stir until dissolved. Add two or three 
drops of 0.1 4 alcoholic solution of methyl orange. 
Dilute to 100 ml. with water, add from a burette N/10 
NaOH until a distinct yellow colour free from all 
suggestion of pink is obtained. 

1 ml. N/10 HaSO^a 0.002 gm. MgO. 

(3) In the case of dolomite in which CaO and 
MgO are present in nearly equal amounts, and in the 
case of magnesite where Mg is present to the extent 
of about 45%and CaO only about 27o, the precipitate of 
CaCaO^ obtained as above described will be contamina- 
ted with MgCjO^. To free the former from the latter, 
redissolve the precipitate in 3 to 5 ml. of 6iV — ^HCl, 
make slightly ammoniacal, dilute to a volume of 50-75 
ml. with distilled water and again treat with 5 ml. of 
a saturated solution of ammonium oxalate, both being 
boiling, hot. Let stand for half an hour. Filter. Add 
the filtrate from the calcium oxalate to the original 
filtrate and from the combined filtrates determine MgO 
as already described. If CaQO, is not reprecipitated 
in the manner described, the results for CaO will run 
high while those for MgO will run low. 
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The double precipitation may be dispensed with 
in the case of dolomite when the calcium is precipitated 
in the manner described below: — 

To the boiling solution containing calcium and 
magnesium chlorides not exceeding 1 1 gm. and not 
much exceeding a volume of 300 ml., add 1 gm. oxalic 
acid and slowly neutralize by means of N — ammonia 
( 1 volume of ammonia s. g. 0.88 diluted with 
15-16 volumes of water ). Allow to stand for an hour 
and filter. Determine the lime as described above by 
titration with standard KMn 04 and determine MgO 
in the filtrate. 

In the case of magnesite, a reprecipitation of 
CaQO^ is necessary. 

Loss on ignition: — Ignite 1 gm. of the sample in 
a platinum crucible covered with lid, over an ordinary 
burner for about 5 minutes and then over a blast-lamp 
for about 20-30 minutes. Cool in a desiccator and 
weigh. 

The lower the percentages of ‘Insoluble matter’, 
AljOg and FcjOg, the more valuable the materials are 
as fluxes. 

See CHAPTER I, page 18 for a note on the appro- 
priate grade of filter paper for filtering off precipitates 
of different particle-size. 

EXPERIMENT 12. 

Analysis of Portland Cement. 

Introductory: — The British Engineering Standards 
Association has laid down specifications regarding the 
composition of portland cement as in the case of other 
materials of construction. The manufacturer has to 
control, the process so that the material will conform to 
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those specifications. As a check on the figures of analysis 
given by the manufacturer, the buyer or, the government 
on his behalf, carries out the analysis. The method 
adopted is very similar to the one for limestone given 
in the preceding experiment, with a few modifications 
necessitated by the presence in cement of certain consti- 
tuents in larger amounts than in limestone. Portland 
cement is essentially a mixture of the silicates of 
calcium and magnesium with aluminate of calcium. It 
contains a small amount of CaSO^ introduced during 
the grinding of ‘flinker’ with a view to regulate the 
time cf setting. The following are determined: — 

SiOj, FcsOa, AI 2 O 3 , CaO, MgO, Loss on Ignition 
and SO3. Alkalies are only occasionally determined and 
for the method of determining them, see Experiment 76. 

Principle : — 

The material is treated with HCl when FeClg, AICI3, 
CaCla and MgClg are obtained in solution, SiOg separa- 
ting as a residue. This is filtered off, ignited and 
weighed. FcgOg, AlaOj, CaO and MgO are determined 
from the filtrate. 

SO 3 is determined separately by weighing out a fresh 
quantity of the sample. 

Procedure: — 

Weigh into a 250 ml. porcelain casserole 0.500 gm. 
of the cement. Add 40 ml. water. Boil on a hot plate. 
When boiling, add dil. HCl of s. g. 1.1 in small quanti- 
ties at a time, the total volume of acid so added being 
about 20 ml. . If any lump forms, break it up with the 
flattened end of a stirring rod. Cover the casserole 
with a watch glass and continue heating on the hot plate 
15 minutes longer. Rinse the bottom of the watch glass 
with water, collecting the rinsing in the casserole. Insert 
a glass triangle between the casserole and fhje watch 
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glass and evaporate to dryness on a water bath. Heat 
the dry mass for 1 hour in an air oven kept at 120“C. 

Determination of SiOa:- 

Moisten the residue with 10 ml. dil. HCl of 1.1 s. g. 
Warm slightly and add 150 ml. water. Keep at the boil- 
ing temperature for 10 minutes. Filter into No. 7 beak- 
er ( 400 ml. ) Wash alternately with very dilute HCl 
and hot water until the residue on the filter paper is 
free from iron. Finally wash it free of chloride ’ with 
hot water. Make sure that it is free from chloride by 
testing as follows : — Collect about 5 ml. in a test tube 
and add a few drops of AgNOg solution of 27 > strength. 
If there is no turbidity, the residue is free from 
chloride. This test should be carried out only after 
3-4 washings, as, if made earlier, some Ca or Mg may 
be lost and the results for these turn out a little low. 

Transfer the residue with the filter paper to a porce- 
lain or platinum crucible, dry at a low heat, gradually 
raise the temperature and finally ignite over a blast lamp 
to constant weight. Report as SiOa. 

FcaOa and AI^O^. 

To the filarate add ammonia, of 0.96 s. g. until a 
slight excess is present, boil until only a faint smell of 
ammonia is noticeable. Filter off the hydroxides of iron 
and aluminium. Collect the filtrate in a 600 ml. beaker. 
Wash the filter paper and residue only twice. Acidify 
the filtrate and concentrate it by heating on the hot 
plate. In the meantime, redissolve the hydroxides on 
the filter paper by pouring on to them a boiling hot 
mixture of 5 ml. of dil. HNO3 of s. g. 1.2 diluted 
with 20 ml. water. Receive the solution in a 200 
,ml. beaker. Pour solution on to the filter paper 
a second time and collect the filtrate in a second beaker. 
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Repeat this operation until there is no more residue on 
the filter paper. Wash thoroughly with water. Boil to 
dissolve the precipitate. Dilute to 150 ml. with water. 
Add ammonia of s. g. 0.96 to the solution of Fe (N 03)3 
and A1 (N 03)3 until it smells of ammonia, boil until 
there is only a faint smell of ammonia, filter through 
the same filter paper as before, after stirring in one filter 
paper of 9 cm. dia. torn into bits. Collect the filtrate in 
the beaker containing the original filtrate which was 
allowed to concentrate by boiling. Remove the beaker 
to a hot plate. Wash the residue until free from chloride, 
collecting the washings in a second beaker. Reject the 
washings. Ignite the paper with the residue in a porce- 
lain crucible. Cool and weigh as FegOg+Al^Og. To 
determine each separately, proceed exactly as in 
Experiment 11, Method A. On account of the extra 
paper introduced, the ignited residue is more easily 
dissolved in HCl, making Fedeterminatin accurate. 

Notes ; — 

(1) To bring the cement into solution, it is 
necessary to boil it with water and add the acid 
gradually. Addition of acid in bulk at room temperature 
leads to the formation of a layer of silicic acid round 
the particles of cement, which layer is not penetrated 
by further quantities of HCl. Thus the cement is only 
superficially attacked. To prevent this, it is necessary to 
proceed in the manner indicated. 

(2) Filtering off the SiO^, baking a second time with 
HCl to recover small amounts of SiO„ in the filtrate is 
not generally adopted in routine analysis of cement, 
though such a procedure is obligatory in analysing 
fireclays and other materials high in silica. 

(3) A temperature much higher than 120°C. for 
baking will lead to the combination of basic magnesium 
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chloride with silicic acid which will not be readily diss- 
olved by dil. HCl during the subsequent treatment. 

( 4 ) The hydroxides of iron and aluminium occlude 
small quantities of Ca and Mg salts, making the results 
for Fe-Al oxides run high and those for Ca and Mg 
oxides run low. To separate these, the hydroxides 
should be redissolved in acid and again precipitated by 
adding ammonia. Nitric acid is preferred to HCl for re- 
dissolving the precipitate^ as thereby the washing of the 
precipitates, again formed by addingammonia, free from 
chlorides is more easily effected. Chlorides, if present 
in the precipitates of Fe (OH) 3 and A 1 (OH; 3, will cause 
a slight loss of these metals during ignition of the 
respective chlorides. Nitrates, even if they are not 
completely removed by washing, do not form any 
volatile compounds with Fe (OH) 3 during ignition. 

The extent to which a precipitate will adsorb or 
occlude substances in solution depends upon the concen- 
tration of the solution, temperature, etc. Refer to page 
419 of ‘A class Book of Physical Chemistry’ by Lowry 
and Sugden, 1927 Edition, Macmillan & Co., for the 
phenomenon of adsorption. The double precipitation 
minimises losses by adsorption. 

Determination of CaO : — 

Make the combined filtrate from the hydroxides of 
aluminium and iron slightly acid with HNOg and concen- 
trate to about 300 ml. Add Igm. oxalic acid followed by 
dilute ammonium hydroxide (1 volume 0.88 s.g. ammonia 
and 15-16 volumes of water) until the liquid . smells 
slightly of ammonia. Introduce the ammonia little by 
little. About 5 minutes taken in adding the ammonia 
helps the formation of the precipitate of calcium 
oxalate in a condition which is not contaminated by 
MgCjQ^^tnd at the same time the particles arc of such a 
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size that they will not pass through the filter paper 
during the subsequent filtration. From this point, pro- 
ceed exactly as in Experiment 1 1 until the titration with 
0‘1 N" KMnO^ for CaO is finished. 

Determination of MgO: — 

From the filtrate from CaCa 04 , determine MgO 
exactly as in Experiment 11. 

Loss on Ignition: — 

Heat 0.500 gm. of the cement for five minutes in 
a platinum crucible coverd with lid over a low flame 
and then strongly over a blast lamp for 1 5 minutes. 

Determination of SO3: — 

Principle; — When the cement is fused in an iron 
crucible with a mixture of NagOg and NaaCOg, the 
CaSO^ present in it is transformed into NagSO^, sodium 
silicate and aluminate being formed at the same time. 
Ca and Mg arc changed to oxides. When the fused 
mass is extracted with water and the extract filtered, the 
filtrate contains all the sulphur as Na^SO^ It also contains 
NagSiOg and NaAlOg. To remove the SiOg, the filtrate is 
acidified with HCl, evaporated to dryness, the dry mass 
redissolved in HCl and the separated SiOg filtered oflF, 
From the filtrate, the sulphur is precipitated as BaS 04 
by the addition of BaClg. The reactions during fusion 
are: — 

CaS 04 +Na 3 C 03 — > Ca 0 +C 0 B+NagS 04 
CaO, SiOg-bNagCOg^ NagSiOg+CaO-l-COg 
CaO, AlgOg+NagCOg— > 2NaA10a+Ca0+C0g 

Procedure; — 

Introduce about 2 gms. of the peroxide into an 
iron crucible. Weigh into it exactly 0.5 gm. sample 
of cement. Introduce about 2 gms. of NagCO,. Mix 
thoroughly by means of a glass rod. ■ Brush off anything 
11 
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adhering to the rod, into the crucible. This step of 
stirring with a glass rod must be omitted during the 
rainy season. Heat over a Teclu burner until the mass 
is well fused, About 15 minutes .will do. Cool. Intro- 
duce the crucible into a beaker containing about 120 
ml. hot water. Lift the crucible off the surface of 
water by means of a pair of tongs, and rinse it well 
with water. Examine the bottom of the crucible. If 
any residue is still sticking, add hot water and stir with 
a rod. Transfer the solution to the beaker. Repeat 
until all the residue is removed. Filter off the undisso- 
lved matter consisting of FcgOg and KlgO. Make the 
filtrate acid with HCl. Evaporate on the water bath to 
dryness. Redissolve the dry mass in 5 ml. dil. HCl 
of s. g. 1.1. Dilute to 200 ml. and filter. Wash the 
residue 5 or 6 times with water. Boil the filtrate. Add 
to it, when boiling hot, 10 ml. of a 10',^ solution of 
BaCla which is also boiling hot. Continue boiling for a 
minute or two. Ixt stand at the corner of a hot plate 
for an hour and filter, or, let stand at room temperature 
for 12 hours and filter. Wash the residue of BaS 04 
free of chloride. Ignite in a porcelain or platinum 
crucible over the Bunsen burner. Cool in a desiccator 
and weigh. From the weight of BaSO^, calculate 
the % of SOg. 

Notes.' — • 

(1) As platinum crucibles are attacked by alkalies, 
the fusion should be carried out in an iron crucible. 
The addition of peroxide to sodium carbonate has for 
its object the oxidation of any sulphide that may have 
been inadvertently introduced or formed during the 
process of manufacture, 

(2) The formation of the precipitate of barium 
sulphate in a coarsely granular condition is effected by 
adding the hot barium chloride solution to the boiling 
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hot solution of the sulphate. If the conditions specified 
are not closely followed, the size of the particles of the 
precipitate will be such that they will pass through the 
filter paper. 

(3) Barium sulphate should not be ignited over a 
blast lamp, as it decomposes at the temperature of the 
blast lamp. 

(4) As the reagents used arc likely to contain sul- 
phur in amounts* which cannot be ignored, it is 
necessary to make, alongside of an assay a ‘Blank rut^ 
for their sulphur content. To do this, proceed as 
follows : — 

Fuse in an iron crucible an equal weight of the 
mixture of NajOg and NagCOg formed by mixing the two 
in the same proportion as in the sample run. Extract the 
fusion with water and proceed exactly as in the sample 
run, taking care to keep the volume of water, acid and 
other reagents the same as in the assay. The weight of 
BaSO^ obtained by the blank run is deducted from the 
weight of BaSO^ obtained for the sample and calculation 
of the percentage of SOg in the same is then made. The 
blank run becomes necessary also on account of the fact 
that the gas used for heating almost always contains 
sulphur as HgS, \yhich is burnt to SOg and SOg and 
absorbed during the fusion and subsequent operations. 
The chances of contamination from such a source 
are greater in Laboratories using coal-gas than in those 
like ours using oil-gas. 

(Sj • Porcelain crucibles should not be used for 
fusions with NajOg.Nag COg, etc. . The glaze is attacked 
and the crucible then becomes unserviceable for the 
ignition of precipitates, the smoothness of surface hav- 
ing been destroyed. Nickel crucibles may be substituted 
for effecting the fusion. 
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(6) Sodium peroxide should be removed from 
the container with a nickel spatula and transferred 
at once to the iron or nickel crucible in which the 
fusion is to be conducted. If transferred with a horn or 
celluloid spatula, these should be immediately washed 
with water; otherwise they are attacked by the peroxide 
which absorbs moisture from the air. If allowed to stand 
in the open air on paper containers, the peroxide causes 
the paper to inflame. 



CHAPTER IV 


Analysis of Pig Iron, Plain Carbon Steel and 
Alloy Steels- 

EXPERIMENT 13. 

Determination of Silicon in Pig Iron- 

Principle : — Silicon which exists in Pig Iron as FeSi is 
oxidized by nitric acid to silicic acid, which is then 
dehydrated by evaporation to dryness with dil.H 3 S 04 . 
The dried mass is dissolved in dil. HCl and the silica 
filtered off, dried, ignited and weighed. The percen 
tage of silicon is then calculated from the weight 
of silica. 

Solutions required : — 

(1) Dilute Nitric Acid of S. G. 1.2. Pour 385 ml. 
of cone. HNOj into a glass stoppered bottle containing 
615 ml. water. Shake well. 

(2) Dilute Sulphuric Acid of S. G. 1.18. Pour 
167 ml. or 1 volume of cone. H 3 SO 4 into 833 ml. or 5 
volumes of water contained in a beaker. When cold, 
transfer to a bottle. The concentrated acid should be 
poured into the water and not vice versa. The heat 
generated at the surface of contact of the two liquids by 
the latter method is so great that accidents are caused 
by the violent evolution and spirting of steam and 
liquid. Dilution of the cone sulphuric acid should 
ncJt*be carried out in thick-walled glass vessels such as 
reagent bottles, Winchester quart bottles, as such a 
procedure will lead to their cracking and breaking. 

(3) Dilute Hydrochloric Acid of S. G. 1.1. Pour 
465 ml. of t}ie concentrated acid into a bottle containing 
533 ml. of water. 
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Procedure : — Weigh a 0.500 gm. sample into a 
porcelain basin or a casserole of 200 ml. capacity, add 
20 ml. dil. HNOg, heat on the hot plate until a reddish 
brown ring forms on the basin near the edge of the 
liquid ; then add 10 ml. dil. HgSO^, cover with a cover- 
glass and evaporate to dryness in the fume -chamber. 
The evolution of copious fumes of SOg indicates dryness. 
Cool. Add 10 ml. of dil. HCl. Eoil, dilute with water to 
about 40 ml. and filter. C2ollcct the filtrate in a 250 ml. 
conical flask. Remove with a ‘pohceman’ any residue 
adhering to the dish and transfer to the filter. Wash the 
dish and the filter paper with water and dil. HCl alterna- 
tely until the edge of the paper shows no yellow colour. 
Drop the acid from a dropping bottle. Transfer the 
paper with the residue to a silica crucible, dry on the hot 
plate, ignite in a muffle, cool and weigh. From the 
weight of the silica obtained and the quantity of sample 
taken, calculate the percentage of silicon. Reserve the 
filtrate for phosphorus determination. (Expt. 14.) 

Notes : — 

(1) Unless the pigs are machine cast, they are likely 
to be contaminated with sand particles mechanically 
taken up when they are cast in- sand beds. Before 
weighing out for analysis, it is best to enclose a horse- 
shoe magnet in an ordinary paper envelope and pass it 
over a thinly spread layer of the drillings. By withdraw- 
ing the magnet from the envelope, the clean drillings 
fall off which are collected separately. A sample for 
analysis is weighed out from the clean drillings. 

(2) Addition of larger quantities of the acids for 
dissolving is not harmful but the operation of drying 
is prolonged thereby. 

(3) The ignition of the residue of SiOg and gra- 
phite is best carried out in the muffle furnace and if the 
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muffle is red-hot, the time taken is only 10-15 minutes. 
Heating in a platinum crucible over a Bunsen burner 
even when carried out for 1 hour does not yield a 
perfectly white residue. The heat of a Teclu burner 
or of a blast lamp will yield a white residue if continued 
for an hour. 

(4) The ignited residue should be perfectly white. 
A reddish colour indicates imperfect washing with 
dil. HCl. 

EXPERIMENT 14. 

* 

Determinatiom of Phosphorus in Pig Iron. 

In technical practice, one and the same weighing 
serves for the determination of silicon and phosphorus. 
From the filtrate obtained by filtering off the SiO,,, 
phosphorus is determined. 

Solutions required : — The same as in Experi- 
ment 1 6. 

Principle : — See Experiment 16. 

Procedure ; — Evaporate the filtrate in the conical 
flask to near dryness, add 30 ml. of dil. HNO3 s.g. 1.20 
and boil. When boiling, add a solution of KMnO^ 
until a pink colour is obtained which persists for about 
two or three minutes on boiling. Destroy the precipi- 
tate of MnOa by adding a solution of NaNOg. Boil to 
expel the oxides of nitrogen. Add 15 ml, cone. HNO3. 
Cool to about 70® C. and add 50 ml. of ammonium 
molybdate solution. Shake vigorously for 5 minutes 
and filter. Wash the precipitate and flask first with dil. 
HNOg, then with KNO3 solution until acid-free. 
Transfer the precipitate with the filter paper to the flask 
in which the precipitation was made and titrate with 
the standard solution of NaOH, using phenolphthalein 
as the indicator. 

1 ml. NaOH = 0.0002 gm P. 
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Notes : — 


(1) The precipitation of the pure phosphomolyb- 
date takes place under the well defind conditions des- 
cribed in Experiment 16. The reasons for the modi- 
fication, in the case of Pig Iron, of the procedure adop- 
ted for steel are given below : — 

1. Evaporation of the filtrate to dryness brings 
about the expulsion of HCl, which would otherwise 
interfere with the formation of the yellow precipitate 
of ammonium phosphomolybdate. * 

2. Addition of nitric acid is hecessary as the 
precipitation of phosphoric acid as phosphomolybdate 
is made always in a solution containing nitrates and free 
nitric acid. Other mineral acids exert a solvent action 
and interfere with the formation of optimum-sized 
particles of the precipitate suitable for filtration. 

Record and Calculation of Results: — 

Weight of Pig Iron = 0.5000 gm. 


! NaOH 

1 

HNO3 

Sample 

15.0 ml. 

7.0 ml. 

Blank 

15.0 ml. 

15.0 ml. 


phosphorus =8 X.0002x200 
=0.32 


EXPERIMENT 15. 

Determination of Silicon in Plain Carbon Steel. 
Introductory:— 

In ordinary steels, the percentage of ; ilicon is often 
about 0.03 and sometimes rises to about 0.2. The 
determination of silicon in tungsten and other alloy 
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Steels is desctibed along with the determination of the 
alloying elements. 

Principle : — 

When the steel sample is treated with cone. HCl, 
evaporated to dryness, and baked, all the silicon is 
yielded as SiOj. This is filtered off, after redissolving 
the dry mass in cone. HCl. The residue is ignited and 
weighed. From the weight of SiO,, the silicon is 
calculated. 

Solutions requited : — 

1. ' Cone. HCl. 

2. Dil. HCl S.G. 1. 1. The same as in Expt. 13. 

Procedure : — 

Weigh 5 gms. steel drillings into a 300 ml. casserole. 
Add 50 ml. cone. HCl. Cover with a cover glass and 
heat on a sand bath. When the vigorous effervescence 
is over, place on the wire gauze and heat directly over 
a Bunsen burner fitted with a mush-room top. Bake 
for half an hour after drying. Cool Redissolve in 30 
ml. cone. HCl by boiling for about 5 minutes. Add 
30-40 ml. warm water. Filter. Wash residue and paper 
first with dil. HCl dropped from a dropping bottle and 
ultimately with warm water until free from chloride. 
Ignite in a silica, porcelain or platinum crucible over a 
Bunsen burner or a muffle furnace. Cool in a desiccator 
and weigh. From the weight of SiOg, deduce that of 
silicon. 

Notts'? 

( 1 ) The difference between the methods adopted 
for the detemination of silicon in the two materials, 
namely, Pig Iron and Steel, is due to the fundamental 
fact that whereas in the former it is present in.amounts 
12 
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varying from 0.8 to 3.8 % , in the latter it seldom 
exceeds 0.2^. Treatment with HCl will lead to the loss 
of some silicon as volatile compounds, such as silico- 
methane and sili co-ethane, having respectively the 
formula SiH 4 and SigHg, in the former material, 
whereas in the latter such treatment has been 
shown by Arnold and others not to yield any SiH^. 
A second reason for effecting the solution of 
the Pig Iron in nitric acid lies in the fact that the 
determination of phosphorus in that ^material goes' witli 
that of silicon. Treatment of the iron with HCl would 
lead to the loss of P as PHj. Determination of phospho- 
rus in steel does not go with that of silicon. 

( 2 ) There is danger of the contents of the casse- 
role boiling over if heated strongly, immediately after 
the addition of acid. Hence the necessity for gentle 
heating first, and stronger heating to dehydrate the 
silicic acid, afterwards. There is considerable tendency 
to spattering when nearing dryness. Regulation of 
heat prevents this. 

( 3 ) The ignition of the residue in this case pre- 
sents no difficulty, as there is no graphitic carbon 
to burn. 

( 4 ) Purification of the silica by treatment with 
HaFa and HaSO^ in the manner described in Experiment 
56 is not necessary in the case of plain carbon steels. 

EXPERIMENT 16. 


Determination of Phosphorus in Plain 
Carbon Steel. 

Principle 

Phosphorus which exists in steel as phosphide of 
iron IS oxidked by HNO, to phosphoric acid. This 
acid exists partly in the meta and partly in the ortho 
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condition and is changed completely into the ortho 
condition by a solution of KMnO^ The ortho acid 
of the formula H3PO4 is then precipitated by ( NH^ \ 
M0O4 as ( NH4 ) 3 PO^, 1 2M0O3 ( ammonium phos- 
phomolybdate ). The precipitate is filtered off, dissol- 
ved in a measured excess of standard sodium hydroxide 
and the excess titrated back with standard HNOg, 
phenolphthalein being used as the indicator. From the 
amount of standard NaOH used, the percentage of 
phosphorus is calculated. 

The following, are the main reactions : — 

Feg P + 1 1 HNO3 Fe (N03)3 + PH3 + 4H3O + 2NO (a) 
3PH3 + 8HNO3 — > 3 H3 PO4 + 4H3O + 8NO (b) 

(ortho-acid) 

3PH3 4 8HNO3 — > 3HPO3 4- 7HaO 4 8NO (c) 

(meta-ac’d) 

12(NH<)2 MoO, 4 H3PO, 4 2IHNO3 — > (NH, )3 PO„ 
12AIo03 4 2INH4NO3 4 I2H2O. (d) 

2[ (NHJgPO,, I2M0O3 ] 4 46NaOH-^2(NH,)2 
HPO4 4 (NH4)2Mo 04 4 23Na2Mo04422H20. i ^ 

Solutions required for Phosphorus determination 
in Pig Iron and Steel. 

1. Dil. HNO3. The same as in Experiments. 13 and 1 5 , 

2. KMnOi solution. Dissolve 25 gms. of the 
salt in 1 litre of distilled water. 

3. Potassium Nitrite Solution. Dissolve 50 
gms. of the salt in 1 litre of distilled water. 

4^ Ammonia s.g. 0.95. Add 750 ml. water to 
250 ml. of ammonia of s.g. 0.88 contained in a litre 
bottle and mix by shaking. 

5. Amohonium Molybdate Solution (Johnson’s 
Reagent). Into a 1000 ml. beaker weigh 55 gnis, of 
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ammonium molybdate and 50 gms. ammonium nitrate 
and add 40 ml. ammonium hydroxide (S.G. 0.95). 
Dilute to 700 ml. with water. Heat for about 30 minutes 
stirring once in a while until all the salts are in solu- 
tion. Dilute to 1000 ml. with water. Let stand over- 
night. Filter through double-filter. Do not wash the 
residue. The solution thus obtained remains clear indi- 
finitely, whereas that made differently throws down a 
deposit on standing, especially in hot countries like 
ours. The solution of ammonium molybdate is a 
5.5/f solution. 1 gm. of P yields abotjt 60 gms. of the 
yellow phosphomolybdate precipitate. Ordinarily steels 
do not contain more than 0.057 P. 2 gms. sample will 
contain 0.001 gm. P. To precipitate this, 1.36 ml. of 
molybdate must suffice theoretically. But we generally 
add 40 to 50 times the volume theoretically necessary. 
The precipitation is complete only when such a large 
excess is present. 

6. Nitric acid wash Dilute 32 ml. of acid of s.g. 
1.20 to 1 litre with distilled water. - 


,7. Potassium Nitrate wash Dissolve 1 gm. of 
the salt in 1 litre of distilled water. 

8. Phenolphthalein indicator Dissolve 0.1 gm, 

in 100 ml. of ethyl alcohol or methyl alcohol. 

9. Standard Sodium Hydroxide Solution : 

Dissolve 6.5 gms, of purified NaOH in 100 ml. distilled 
water, add about 5 ml. of U Ba (OH), solution. Let 
stand 24 hours. Decant the liquid. Standardize it aga- 
inst pure oxalic acid or steel of known phosphorus^ con- 
tent. Protect solution from carbon dioxide by soda lime 
tu e. See Fig. 4. Soda-lime is made as follows 
W is slaked with a 10;^ solution of caustic soda. 
The lime thus slaked is heated over a Bunsen burner in 
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a silver or nickel dish until the mass clots up. This is 
then withdrawn, cooled, broken, up and sieved. 14-20 
mesh grains are used. 

10. Standard HNO3:— Mix 10 ml. of HNO3 s.g. 
1.42 and 1000 ml. distilled water in a bottle. Titrate 
the solution against standardized NaOH using phenol- 
phthalein as indicator and make it equivalent to the 
NaOH solution by adding distilled water. 

Example : — Suppose 20 ml. of NaOH solution 
requires 18 ml. To make HNO 3 equal in strength to 
NaOH, 2 ml. water for every 18 ml. of the acid must 
be added. 

Procedure; — Weigh into a 250 ml. Erlenmeyer 
flask a 2 gm sample of steel. Add gradually 30 ml. of 
1.20 s.g. HNOg. Bring into solution by gentle boil- 
ing. Add a few ml. of KMnO., solutibn until a pink 
colour persists on boiling for 3 minutes. Destroy the 
precipitated IMnO^ by adding a solution of potassium 
nitrite drop by drop. Continue boiling a minute or 
two after the MnO, has been dissolved. Add 15 ml. 
cone. HNO 3 . Cool to 70‘’C. . Add 50 ml. of the 
ammonium molybdate solution. Shake vigorously for 
3 minutes. Allow to stand for 5 minutes. Filter. Wash 
the flask and the filter paper containing the precipitate 
a few times with very dilute HNO 3 and then with 
KNO 3 solution until the filtrate is free from acid. Test 
as follows : Collect 5 ml. filtrate in a test tube, add 
one dr^ of phenolphthalein and one drop of the 
stand?’'! NaOH solution. If there is a pink colour, the 
precipitate is free from acid. Drop the filter paper with 
the precipitate into the flask in which the precipitation 
was made. Add from a burette from 10-15 ml. of the 
standard sodium hvdroxide solution to the precipitate 
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in the flask. Shake well until the filter-paper is well 
macerated and there is no yellow tinge or stain on the 
macerated paper. Add 3-4 drops of phenolphthalein 
and then run in the standard HNO 3 from a burette until 
the pink colour is just discharged. 

Racord of Results and Calculation : — 

Weight of steel taken 2 gms. 

NaOH HNO 3 

Sample 15 0 ml. 10.0 ml. 

Blank 15.0 ml 15.0 ml. 


1 ml. of NaOH = 0.0002 gm. of P. 


The percentage of P in the steel is ( 15-10 or ) 5 x 


.0002 X 


100 

2 


i.e. 


0.05. From the equation (e) given above 


it follows that 23 gm. molecules of NaOH correspond 
to 1 gm. atom of phosphorus. In Steel Works’ labora- 
tories it is found convenient to make the solution of 
NaOH of such a strength that 1 ml. of it will correspo- 
nd to 0.0002 gm. P. 1 litre of this NaOH solution will 
be equal to 0.2 gm. P. 

31 gms. of P will correspond to 23x40 gms. NaOH 

AO CD 23x40 x0.2 XT r^Ti 

0.2 gm. of P „ „ . gms. NaOH 

i. e. 5.934 gms. 

5.934 gras. NaOH in 1 litre yields therefore the necessa- 
ry standard solution. But as even purified sodium 
hydroxide may contain carbonate, the usual practice in 
preparing a standard solution of NaOH is as follows: — 


About 6-7 gms. of NaOH are dissolved in water, 
the carbonate removd as BaCOg by treatment wifh Ba 
(OH)j solution and the strength adjusted by dilution 
with carbonic-acid-free water, a steel of known phos- 
phorus content being used in the adjustment of the 
strength of the solution. 
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Notes : — 

( 1 ) The precipitation of phosphorus as ammonium 
phosphomolybdate in a solution containing organic 
matter is not complete. The solution of steel in HNO3 
contains organic ( carbonaceous ) matter which is 
destroyed by boiling with KMn04 solution. Boiling 
with KMnO^ solution also .effects the complete 
conversion of the meta phosphoric acid into the ortho 
acid, which alone is completely precipitated by means 
of ( NH4 )5 ,Mo 04 as: the yellow phosphomolybdate. 

( 2 ) The precifjitated MnOj is brought into solution 
by treatment with KNOg. Alternatively, Na^SOj or 
FeSO^ ( phosphorus free ) may be used. 

( 3 ) The precipitation of the phosphomolybdate takes 
place rapidly when the temperature of the solution in 
which P exists as H3PO4 is kept at VO^C. prior to adding 
( NH4 )gMo04. Vigorous shaking helps the formation 
and settling down of the precipitate. 

( 4 ) The addition of NH4NO3 solution also hastens 
the formation of the precipitate. 

( 5 ) Nitric acid wash serves to remove the iron in 
a few washings. 

(6) A solution of KNO3 in water is used as wash 
liquid, as this has no solvent action on the precipitate. 
Pure distilled water has a slight solvent action. 

(7) The one important difference between the meth- 
ods followed for P in steel and in pig iron lies in the fact 
that, whereas in the latter case the Si has to be removed 
as Sic5^ by evaporation to dryness and filtration, in the 
former it is unnecessary to do so. The amount of Si 
in steel is very low, about . 03 -. 08 i^. This though conv- 
erted into Si(OH)4 by HNOg does not contaminate 
the precipitate of ammonium phosphomolybdate and 
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therefore does not yield a higher value for P than the 
true one. The amount of Si in pig iron, varying as it 
does from 1-4% yields Si(OH )4 sufficient in amount 
to contaminate the phosphomolybdate precipitate. As 
the silicic acid would be titrated by NaOH, it is filtered 
off before proceeding further with P determination. 

( 8 ) Arsenic is present to some extent in steels 
made from pig irons containing it as an impurity. (Steels 
manufactured in India are free from it.) The element 
is changed to arsenic acid by the treatment with HNO 3 
above described. The arsenic acid ♦ so formed yields 
with ammonium molybdate a yellow precipitate but 
provided the conditions above described are closely 
followed, especially with regard to temperature at 
which the molybdate is added, and the interval before 
filtering off is not more than 5-10 minutes, no conta- 
mination arises from this source. But if it is to be 
removed before adding molybdate, the following is 
the procedure: — 

Add to the nitric acid solution 50 ml. conc.HCl, 
evaporate to low bulk (15-20 ml.), repeat with 20 ml. 
more of cone. HCl. Add 30 ml. conc.HCl and 2-3 
gms. pure zinc (free from arsenic). Most of the 
arsenic is. expelled as AsHj and the small amount still 
remaining is expelled by the addition of 10-15 ml. of 
HBr and taking down to low bulk, — about 40 ml. 
Arsenic tribromide is formed but, as this is volatile, it 
is expelled by boiling. The precipitation with molybdate 
is then proceeded with 

Phosphorus in Steels containing Tungsten and 
Vanadium. Introductory : — 

When the sample of steel is opened out with a 
mixture of HQ and HNO3 the elements W and V are 
oxidized to WOs and H>,VO^. The first is an insoluble 
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yellow residue, holding some P as phosphate. The second 
Is in solution and gives rise to a precipitate, analogous in 
composition to the phosphomolybdate precipitate, on 
the addition of ammonium molybdate. Like the phos- 
phomolybdate precipitate it is soluble in sodium 
hydroxide solution; hence the percentage of phosphorus 
obtained by the alkalimetric titration incorrect. By 
the modification described below, correct determination 
of phosphorus is made on steels containing W and V. 

Solutions required:-The same as in Experiment 17. 
Principle : — • 

When the steel sample is dissolved in a mixture of 
cone. HNOg and cone. HCl, evaporated to dryness and 
baked, the elements tungsten and vanadium form the 
yellow and the brick-red oxide respectively. On redis- 
solving the baked residue in 1:1 HCl and filtering, a 
large part of the phosphorus goes into the filtrate 
and a small part remains with the residue of WOg on 
the filter paper, the vanadium passing into the filtrate 
as VClg or as VOCI 2 . 

The removal of the small amount of P from the WO, 
residue is eifected as follows : — Solution of the residue 
in ammonia, treatment of the solution to slight acidity 
with HCl, addition of a gram of alum, followed by tre- 
atment with ammonia to slight alkalinity, filtration, re- 
solution of the residue on the filter paper in dil. HCl 
and its addition to the main filtrate. The treatment at 
this stage consists in the repeated evaporation ( twice 
will dp.;) with conc.HNOs to get rid of HQ. From 
this point, the procedure is exactly identical with the 
one for the determination of phosphorus in plain carbon 
steels. The interference from vanadium is prevented by 
the addition of a large volume of cone. HNOg (40 ml.) 
before the addition of the molybdate reagent. It jarost be 

13 
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remembered that this reagent, unlike the one in common 
use, is a faintly ammoniacal water solution of ammonium' 
molybdate, and it gives, according to C. M. Johnson, 
correct results for P in steels which may contain even 
as high a percentage of vanadium as 2.6. 

The principle of separation of tungstic acid from 
phosphoric acid by the addition of alum is as follows 

Ammonia dissolves WO3 and HgPO^ forming 
(NH*)aW04 and (NH,)3PO, respectively. When the 
solution obtained is made slightly acid with HCl, H3PO4 
is formed with the separation of WO^. On the addition 
of alum followed by ammonia to slight alkalinity a pre- 
cipitate of AIPO4 forms with a small amount of A1 
(OH)g, WO3 remaining in solution as (NH4)aW04. The 
precipitate is filtered off, washed free of (NH4)2W04, 
then dissolved in HCl and the solution mixed with the 
main filtrate. 

Procedure : — 

Dissolve 1 gm. of the steel drillings in a porcelain 
dish (4"size) in a mixture of 50 ml. cone. HNOg and 30 
ml. conc.HCl. Evaporate to dryness on a sand-bath 
with cover-glass on. Bake at 300 to 500°C. , after remo- 
ving cover-glass, to destroy organic matter. Cool. Redis- 
solve in 30 ml. cone. HCl with the aid of heat. Dilute 
with water to about 100 ml. Filter using paper pulp and 
filter-pump. Wash 5 times with dil. HCl and hot water. 
Evaporate the filtrate to a low volume. Meanwhile dis- 
solve the precipitate on the paper with hot dil. NH4OH 
(10 ml. of Bench Reagent are diluted to 40 ml.). Pour 
back and forth to dissolve completely. Wash first with 
hot dilute ammonium hydroxide twice and then with 
hot dilute HCl (1 :10) three or four times. To the filtr- 
ate made faintly acid with HCl, add 1 gm. of powdered 
po^ssiutp sulphate or aluminium sulphate 
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and then ammonium hydroxide in slight excess. Use 
litmus paper to indicate alkalinity. Boil for three minu- 
tes; filter, wash the paper with hot water containing a 
little ammonium chloride, three or four times. Reject 
the filtrate. Dissolve the precipitate, which is now free 
from tungstic acid but which contains all the P, 
originally associated with the tungstic acid, as AlPO^, 
in hot dilute HCl. Pour the acid through several times 
to dissolve the precipitate completely. Add this liquid 
to the* main filtrate. Concentrate to low bulk after the 
addition of 40 ml. cone. HNOj. Repeat concentrating 
after the additioh of 20 ml. more of cone. HNOg. At 
this stage, proceed, as in plain carbon steels, with the 
addition of ammonium molybdate, filtration and titration. 

Notes : — 

(1) As described in the main process for the 
determination of P in plain carbon steels, the solution 
from which P is to be thrown down as (NHJg PO4, 12 
MoOg must, as far as possibe, be free from chlorides 
and HCl. With this object, the evaporation of tlie 
combined filtrates to low bulk repeatedly with cone. 
HNOg is adopted. 

(2) The interference caused by vanadium may also 
be eliminated by the careful addition of N/IO FeS 04 to 
the solution ready for precipitation after the removal 
of WOg, until the yellow colour due to vanadic acid is 
destroyed. In this case the addition of 40 ml. cone 
HNOg before adding (NH4)gMo04 is not necessary; 
about 10 ml. of it is enough. The hitting of the point 
at which the vanadic acid is completely reduced is 
rather difficult without the use of indicators; a drop 
of the liquid is tested with KgFe (CN)g solution placed 
on a porcelain tile. A blue colour just appearing shows 
that the addition of FeS 04 is enough. In case the 
vanadium determination has been made on a, separate 
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sample, the required number of ml. of Nf 10 FeSO^ is 
added and the determination of P then proceeded with 
as usual. The reaction that takes place on the addition 
of FeSO* consists in the reduction of vanadic acid to 
vanadyl sulphate VgOa (SO<)a which, unlike HgVO^, does 
not form a precipitate with (NH 4 )aMo 04 . In case the 
precipitation is made without reduction of vanadic acid, 
the precipitate of (NH^gPO^, 12Mo08 is rather slow in 
forming and settling and a period of 12 hours may be 
necessary for the complete settling clown of the same. 

EXPERIMENT IS. 

Determination of Sulphur in Pig Iron and 
Steel. Principle : — 

Sulphur which exists in Pig Iron and Steel as either 
MnS or FeS is oxidized by means of aqua regia to 
HaSO^. This is fixed as NagSO^ by adding solid 
NajCOg. The silica that separates on evaporating the solu- 
tion is filtered off after dissolving the soluble salts again. 
Na 2 S 04 in the filtrate is precipitated as BaSO^ by means 
of BaClg. The precipitate is filtered off, ignited and 
weighed. From the weight of BaS 04 , the percentage 
of sulphur is calculated. 

Solutions required ; — 

(1) Pour 350 ml. of water into a bottle containing 
650 ml. of ammonia of s.g. 0.88. Mix by shaking. 

(2) Dissolve 2.5 gms. of BaClg crystals in 100 
ml. water. 

Procedure -Weigh 5 gms. of the sample into a 
400 ml. beaker. Add a mixture of 40 ml. cone.* HNO, 
and 5 ml. cone. HCl. ( HCl must not be added alone 
at first ). Heat on the hot plate or over a burner in the 
fume chamber. When about 5 ml. of the liquid remain 
in the beaker, transfer to a porcelain dish or casserole. 
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Rinse the beaker with a few ml. of water, add a pinch of 
pure Na 2 COj and evaporate to dryness, constantly stirring 
with a glass rod. Ignite at a dull red heat to destroy organic 
matter and to dehydrate Si(OH) 4 . Cool. Dissolve in 25 
ml. cone. HCl. Dilute with water to about 50 ml. and 
filter off SiOg. Wash with 1:10 HCl. To the filtrate w;Jaich 
should be about 350-400 ml., add an excess of ammonia 
(solution 1). Keep the liquid at TO^’C. for about 1 5 minutes. 
Pour into a 500 ml. measuring flask. Cool. Make up to 
the mark. Mix well? Pour through a large dry filter, and 
collect the filtrate i^ a clean, dry beaker. Pipette off 250 
ml. into a Beaker. Add 2 of 3 drops of methyl orange to 
the 250 ml. portion which has b^en pipetted off. Neutra- 
lize with HCl and then add 1 ml. cone. HCl in excess. 
Heat the solution to boiling, add 100 ml. of Solution 
No. 2 which has been heated to boiling and stir 
vigorously. Allow to stand in a warm place for half 
an hour. 

Filter, washing the precipitate three times by decan- 
tation with boiling water, then transfer the same to the 
filter, wash until free from chlorides, dry somewhat and 
ignite in a porcelain or platinum crucible over an 
ordinary Bunsen burner ( do not use the blast lamp ). 
Cool in a desiccator and weigh. From the weight of 
BaSO^ calculate the percentage of S in the sample of 
Pig Iron or Steel. 

Run a ‘Blank’ for the sulphur in the reagents used, 
alongside of the assay. Use the same amounts of 
reagents, water, etc. 

Weight of sample of pig iron = 5 gms. 

Weight of BaS 04 brushed off to the scoop =0.0178 gm. 

( sample ) 

„ « ,» « „ » =0 0030 gm. 

( blank ) 
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Hence % S in the sample = 0.0148 x 0.1373 x 40 

=0.066 


Notes; — ■ 

(1) As evaporation to dryness and ignition of 
the contents cannot be carried out in a glass-beaker 
without cracking it, these are done in a porcelain basin 
or casserole, the liquid, when of a low bulk, having 
been transferred to it from the beaker. Fe 2 (S 04)3 formed 
by the oxidation of FeS by aqua regia is decomposed 
at temperatures much above 100*^0. ,As ignition of the 
dried contents is necessary to dehydrate H 4 Si 04 and to 
destroy organic matter,^ it becomes imperative to fix the 
sulphuric acid in a form not volatilised at the tempera- 
ture at which the ignition of the contents is conducted. 
With this object, a pinch of pure NaiCOg is added. 
The sulphuric acid is thereby fixed as Na 2 S 04 . This 
does not decompose at the temperature necessary for 
dehydrating H 4 Si 04 and for destroying organic matter. 

(2) The precipitate of BaS 04 when formed in a 
solution containing a large amount of FeClg has a 
tendency to adsorb it. Therefore all the iron is remo- 
ved as Fe (OH)g by treating with -NH4OH. 

(3) The method here adopted is what is known as. 
fractional filtration. Fe (OH)g precipitate is very bulky 
and the sulphates associated with it can be removed 
only by repeated washings, an operation taking much 
time. Hence, only a portion of the 500 ml. is filtered 
oflF. 250 ml. of the solution used for the final precipi- 
tation of H 2 SO 4 as BaS 04 represent a fraction ‘ ( 1 . e. ) 
one-half of the original weight used for the analysis. 

(4) Neutralization of the excess of ammonia is 
necessary. HClin large quantities interferes with the 
formation of the precipitate and the size of its grains. 
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(5) Ignition over a blast lamp decomposes 
BaS 04 partially. 

(6) When ignited over a Bunsen burner in a 

crucible partially kept open, reduction of the sulphate by 
the carbon of the filter-paper does not take place. Fig. 5 
shows tlie manner of supporting the crucible. The 
heating of the ppte. is carried out from its surface 
inwards, the flame being deflected from the lid. Mechan- 
ical loss of particles of the ppte. is also prevented 
thereby. • 

The method ditailed above is known as the ‘Long 
Method*. This is used, without any modification, also 
for S in steel. In all cases of dispute regarding the 
accuracy of the “Evolution Method”, described in the 
next experiment and followed as the routine method in 
Steel Works' I.aboratoties. the ‘Long Method’ is used. 
The same ‘Long Method’ is also used in the determina- 
tion of sulphur in such materials as iron pyrites, chal- 
copyrites, lead sulphide, etc. This method is also known 
as the umpire or the referee method. 

EXPERIMENT 19. 

Determination of Sulphur in Pig Iron and Steel. 

( Evolution-Titration Method. ) 

Principle ; — 

Sulphur present in pig-iron and steel as FeS or MnS 
is evolved as HjS on treating the sample with HCl. 
This gas is passed through a solution of ammoniacal 
cadmium chloride when yellow cadmium sulphide is 
precipitated. This is treated with a solution of iodine 
of known strength in excess in the presence of HCl 
and the excess of iodine titrated back with standard 
sodium thiosulphate solution. The amount of iodine 
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solution used is a measure of the sulphur' content in 
the sample of pig-iron or steel. 

The reactions involved are as follows : — 

FeS + 2HC1 — ^ FeCla + H^S 
MnS + 2HC1 — ^ MnClaf H^S 
H,S -i- CdCla — ^ CdS + 2HC1 
(ammonia cal) 

CdS + 2HC1+Ia — > CdCla + 2HI + S 
Solutions required : — 

1 . Dilute HCl of s.g. 1.1. ^ 

2. Ammoniacal Cadmium Chloride : — Dissolve 4 
gms. of cadmium chloride in 100 ml. water and add 
an equal volume of ammonia of s.g. 0.88. 5 ml. of 
this solution will precipitate 0.0145 gm. S as CdS. This 
volume of solution is sufficient for precipitating S in 
materials containing up to 0.29%S, when only 5 gms. 
of the material are used for an experiment. 

3. Starch solution; — Make into a paste 0.5 gm. 
of ordinary wheat starch or 0.1 gm. soluble starch by 
mixing it with about 5 ml. water. Pour the paste into 
100 ml. of boiling water. Continue boiling for 2 
minutes. Cool. Keep in a corked bottle. The solution 
does not keep well. It is best to prepare it fresh once 
every two days. 

4. Dissolve 4 gms. of pure potassium iodide in 
100 ml. distilled water. 

5. Dilute H 3 SO 4 of s.g. 1.1 8. 

Standard solutions : — 

1 . Iodine solution of approximately N/32 strength. 
Dissolve 6 gms. of potassium iodide free from iodate 
in about 10 ml. water in a 100 ml. conical flask. To 
the solution add about 4 gms. of iodine. Shake until 
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the iodine completely dissolves. Make the solution to 
1 litre and stock in an amber- coloured bottle having a 
glass-stopper. 

2. Approximately iV/32 Sodium Thiosulphate 
solution. Dissolve 7.75 gms. of the thiosulphate and 
1.7 gms. of potassium carbonate in 1 litre of water. 
Keep in a litre bottle. 

3. ' iV/30 Potassium Permanganate solution. Dilute 
75 ml. of the permanganate solution used in the deter- 
mination of iron^ in iron ore exactly to 250 ml. in a 
250 ml. graduated flask. 

Take about 20 ml. of the potassium iodide solution 
(No. 4) in a 250 ml. conical beaker. Add about 5 ml. 
of the dilute sulphuric acid and about 20 ml. water. 
Introduce from a burette exactly 20 ml. of the diluted 
permanganate solution. Iodine is liberated. To titrate 
this, run from a second burette thiosulphate solution 
until the liquid in the beaker is pale yellow. Add 2 ml. 
of the starch solution at this stage and continue the 
addition of the thiosulphate until there is only a faint 
blue colour. Repeat two times more. Take the mean 
value of the volumes of the thiosulphate solution 
used. 


75 ml. Nj 10 KMn 04 diluted to 250 ml, exactly. 

75 N 

Strength of the diluted KMnO^ solution is x-yQ 
or D.03 N. 


1 

20.0 ml. 

IS.O.ml. 


;io.6.mL 

IS.O.ml. 


^0.0.ml. 

• IS.O.ml. 


14 
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The strength of the thiosulphate solution is jg x 
0.03 N= 0.0333 AT. 

Fix the strength of the iodine solution by titrating 
it against thiosulphate solution. Proceed as follows : — 

Run 20 ml. of the iodine solution from a burette 
with glass-cock into a 250 ml. beaker. Add the 
thiosulphate solution until the liquid in the beaker is 
light yellow. Introduce 2 ml. starch solution and 
finish by running the thiosulphate until the colour is 
only a light blue. Repeat twice. 

Let the mean value of the thiosulphate solution be 
18 ml. Then, the strength of the iodine solution is 

18 

20 X 0 0333 N = 0 03 N. 

1 ml. of 0.03 N iodine solutions: 0.00048 gm. S. 

The reactions in standardizing the thiosulphate 
solution against KMnO^ are as follows : — 

10 KI + SHgSO, — > 5KaSO, + 10 HI 
2KMnO, + 3HaSO, + lOHI — ^ K^SO^ + 2MnSO^ + 

8HaO + 5h 

5Ia + 10 NaaSaOg 5 NaaSPa + lONal 
sodium tetra thionate. 

Notes on preparing the standard solutions of iodine 
and thiosulphate : — 

1. As iodine is not readily available in a great 
state of purity, a standard solution of it cannot be -made 
by dissolving an exactly weighed quantity of it in an 
exactly measured volume of water. Hence, the method 
of preparing a solution and then the fixing of its 
strength against standard sodium thiosulphate solution 
ip thc.ifianncr described has to be adopted. lodiae 
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is only slightly soluble in watet but it is very soluble 
in a concentrated solution of potassium iodide. 

2. The addition of K^COg to the solution of thio- 
sulphate serves to react with the COg in solution in the 
distilled water, thereby forming the bicarbonate and 
preventing the following reactions : — 

NSgSgOg + HgCOg — ^ NflgCOg + HjSgOg 

• HgSgOg — > HgO 4* SOg + S 

« 

The sulphurdioxide thus formed will react with 
more iodine than fhe thiosulphate solution which is not 
so decomposed. 

3. Determinations involving the use of standard 
iodine solution are known as ^lodometrk determinations' 

Procedure ; — 

Fit up the apparatus as shown in Fig. 6a. Introduce 



5 gms. of the sample into E. Close with the cork. 
Place 5 ml, of the cadmium chloride solution in A, add 
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10-15 ml. strong ammonia and dilute to about 125 ml. 
with water. Run from the dropping funnel 50-75 ml. 
of HCl of 1.12 s.g. . Raise to a boil and keep gently 
boiling until all the metal goes into solution. When the 
speed of evolution of gas has considerably slackened, 
disconnect the delivery tube dipping into the absorption 
vessel, turn the Bench-gas off, pour the liquid with 
the precipitate into a 500 ml. beaker, rinse A twice 
with water, pour the rinsings into the beaker and’ 
place the delivery tube in the bgaker. Add from a 
burette 10-15 ml. of the standard iodine solution, 30 
ml. of HCl of s.g. 1.1 and titrate back the excess of 
iodine against standard sodium thiosulphate, using 
2 ml. of starch solution as indicator towards the 
end. The thiosulphate is run until only a faint blue 
colour is left. 


Notes : — 

(1) This method yields results checking fairly with 
those by the gravimetric method only when the evolu- 
tion of gas is very rapid. The rapidity of evolution 
must be so great that some of the liquid in the 
absorption vessel is about to be ejected out. Slow 
evolution tends to the formation of a compound of C, 
H and S in the flask E. This compound is with difficulty 
volatile and even when volatilized from E is not 
absorbed by CdClj, yielding CdS. 

(2) Ammoniacal cadmium chloride is used as the 
ammonia reacts with the HCl, a product of double 
decomposition between H^S and CdClj, thus prevent- 
ing the solution of CdS precipitate. The reaction 
CdCla + HflS ^ ^ CdS + 2HC1 proceeds in one or the 

.other direction according as ammonia -or acid is in 
'excess. 
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(3) The apparatus shown in Fig. 6 b includes a 
condenser . Any HCl distilled off with* steam is con- 





Fig. 6 b 

densed and returned to the evolution flask. It is more 
efficient than that shown in Fig. 6 a. The bent tube 
through which the evolved gases escape has a small 
hole at the side about 1cm. from the lower end. This 
helps the regular flow of gases. Condensed acid drops 
collecting at the end, will check the passage of gas. 

(4) The hydrochloric acid used for evolution and 
titration must be free from chlorine and FeClg which 
impurities are commonly present in the acid. These 
oxidize the H^S that is liberated and lead to low results. 

(5) Though salts like HgClg, Pb(CgHs 03 ) 3 , CuSO, 
will yield the respective sulphides with MgS, they 
are not generally used because the sulphides of these 
metals are not soluble in HCl and therefore are not 
suitsCbld for titration with iodine. 

(6) Dil.H 9 S 04 is very slow in its action on pig 
iron and conc.HgSO^ has an oxidizing action on the 
H,S. Therefore these cannot be employed for the 
liberation of H^S. • 
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(7) Provided the evolution is rapid by quick heat- 
ing up, there is no need to pass a current of Njj or 
CO3 through the evolution flask to carry over any HjS 
that may remain in the flask. 

(8) The exact value per cubic centimetre of the 
iodine solution in terms of sulphur is fixed in Steel 
Works’ Laboratories by putting a sample of steel of 
known sulphur content through the operations 
described for the sample under test. The following 
example will make the process of facing the strength 
of iodine solution clear. 

5 gms. steel of 0.065% S required : 

Iodine Thiosulphate 

15.5 ml. 7.8 ml. 

Relation of the strength of Iodine to that of the 
Thiosulphate was obtained by adding 20 ml of Iodine 
solution to the liquid left after the above titration and 
adding thiosulphate until the blue colour was just 
destroyed. This point was reached on the addition of 
18 ml. of the thiosulphate solution. 

Hence, volume of iodine solution used up to react 
withHaS is 15.5- Z:^--^-??-i.e. 15.5-8.7 - 6.8 ml. 

1 O 

6.8 ml. of Ta corresponds to 0.065;;^ S,on 5 gm. sample. 

Hence, 1 ml. of I3 „ 0.0096^ „ „ 

(9) Some alloy steels do not yield all thpir.-S by 
the above treatment. In such cases, an annealing treat- 
ment prior to running for S is necessary. This consists 
in heating 5 grams of the sample, wrapped in filter 
paper, in a porcelain crucible covered with lid, to 750°- - 
850° C. and cooling it slowly. 




Joints A 
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EXPERIMENT 20. 

Determination of Sulphur in pig Iron and Steel 
( The Combustion Method ) 

Principle ; — 

When a current of oxygen is passed over a 
sample of the material contained in a boat and heated 
• to a temperature of 1250" to 1300"C., the sulphur is 
burnt 'quantitatively^ to sulphur dioxide which is passed 
through a solution of silver nitrate. Silver sulphite is 
formed and an equivalent amount of nitric acid is libera- 
ted. This is titrated against a standard solution of sodium 
hydroxide, methyl red being used as an indicator. From 
the volume of standard NaOFI solution used, and the 
weight of drillings taken, the percentage of sulphur 
is calculated. 

Solutions required : — 

1. Silver Nitrate solution: 0.1 gm. of the pure sub- 
stance is dissolved in 100 ml. distilled water. 

2. Standard NaOH solution. 0.12 gm. of the caustic 
soda purified by alcohol is dissolved in 100 ml of distilled 
water. The strength of the solution in terms of normality 
is fixed by titrating against pure oxalic acid solution. 

3. Methyl Red. Dissolve 0.05 gm. of methyl red 
in 800 ml. of ethyl alcohol and dilute to 1 litre with 
distilled water. Use about 10 drops of the indicator for 
each titration. 

Procedure : — 

Fit up the apparatus as shown in Fig. 7. 

F is an electrically heated furnace capable of giving 
temperatures of the order of 1300°C. The attainment 
of such a high temperature is made possible bf the use 
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of ‘silit’ or ‘carborundum’ heating elements. The com-, 
bustion tube is preferably made of fused alumina, 
although an unglazed porcelain tube will serve and is 
about 30" long and 7/8" diameter with rubber corks 
at each end, having one hole each. At the inlet 
end I, the prolong Pj ( 6" x 7/8" ) is filled two thirds 
with soda-asbestos and the remaining one-third with 
anhydrous calcium chloride. Beyond this, there is a 
small layer of glass wool. At the forward end E, there 
is a U tube each limb of which i§ fi" long and 1 /4" 
in diameter. This is immersed in cold water contained 
in a beaker. 

The second prolong with the bent end (6" x 7/8") 
is filled loosely with cotton wool. The bent portion 
dips into the solution of silver nitrate contained in a 
large size test tube or jar J of about 100. ml. capacity. 

Weigh out 1 gm. of the material into a porcelain or 
alundum boat 3" long, 1/2" wide and 3/8" deep. Spread 
the same evenly over the entire length of the boat. 
Introduce the boat into the hottest part of the furnace. 
Pass a current of oxygen at a rapid rate (about 2000 ml. 
in one minute ) over the heated sample. The combustion 
will be over in 1-2 minutes. Withdraw J. Stop the 
supply of oxygen Withdraw the boat. Titrate the 
solution in J against sodium hydroxide solution using 
methyl red as indicator. 

Put a steel sample weighing 1 gm. and of known 
sulphur content through the process exactly as before. 
The number of ml. of sodium hydroxide used gives 
the data for calculating the sulphur content. 

Example : 

1 gm. standard steel sample of 0.05;^ S consumed 
8.0 ml., of NaOH solution, 
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1 gm. sample of unknown steel consumed 10.0 ml. 
Hence S in unknown sample is .05 x 10 4- 8 =0.063% 

Notes 

(1) As in the experiment on carbon determination 
by the combustion method, a current of oxygen 
should be drawn from a Pepys gas-holder. For filling 
it with oxygen from a cylinder of the compressed gas, 
see Expt. 24. 

(2) Iron oxide,* formed during the combustion, is 
spattered on to the wall of the combustion tube, is 
scraped out withf^ a stout steel wire and blown off 
after each combustion. If this is not done, the intro- 
duction of the boat with the sample becomes difficult. 
Also, the combustion tube will crack with the accumula- 
tion of the spattered oxide. 

(3) One inch length of the cotton wool filling the 
prolong Pj must be changed after each experiment. The 
whole of the cotton wool must be changed after about 
12 determinations have been made. 

(4) Soda-asbestos is prepared by soaking asbestos 
fibre, suitable for use in the Gooch crucible, in a normal 
solution of sodium hydroxide, drying it and heating to 
a temperature of about 400®C. This is for purifying 
oxygen. Silica gel has been substituted for soda- 
asbestos by a committee investigating this method. 

(5) An alternative method of determination of 
sulphur is based on the combustion of sulphur to sulphur 
dioxide jat about 900®— 1000”C., oxidation of the sulphur 
dioxide to sulphur trioxide by passage through a 
measured volume of a standard solution of sodium 
hydroxide containing hydrogen peroxide and titrating 
the amount of unused sodium hydroxide, using methyl 
orange as indicator. The drawback of the method lies in 

15 
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that the sulphur is not quantitatively burnt to sulphur 
dioxide at 900®-1000®C. 

(6) Yet another method of determination is based 
on the oxidation of the sulphurdioxide formed by 
combustion at temperatures of the order of 900°— lOOO^C. 
by a standard solution of iodine, through which it is 
passed. The objection to this method is that the 
sulphur is not quantitatively burnt to sulphur dioxide. 

(7) To increase the efficiency of absorption of the 
sulphur dioxide formed, in the solution of silver nitrate, 
the use of sintered Jena glass disc,Vporosity Gl, has 
been very strongly recommended by committees 
investigating the combustion method. The sketch of 
the absorption vessel is given in Fig. 8 

(8) The joint between the combustion tube and 
the glass-tubing is effected by grinding the two so as 
to be gas-tight. Such joint eliminates the use of 
rubber and the consequent absorption of the oxides of 
sulphur by it. 

(9) The combustion method for sulphur determi- 
nation with the absorption of sulphur dioxide in a 
solution of silver nitrate was developed in Sweden and 
is described in Jernkontorets Annaler, 1938, vol. 122,’ 
No. 1, pp. 49-51. 


EXPERIMENT 21. 

Determination of Manganese in Pig Iron and Steel* 
( Gravimetric Method* ) 

Manganese is present in plain carbon steels and pig 
irons in amounts varying from 0.4 to 1.0;^. It is pre- 
sent in alloys like Spiegel and ferro*manganese, from 10 
to 30;^ in the former, and from 40 to 80^ in the latter. 
In crushiiig machinery parts it is present to the extent 
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of 14%. The forms in which it occurs in iron and steel 
are MnS and MnjC. The gravimetric method described 
is the one to which an appeal is made when there is a 
discrepancy between the results obtained by two 
analysts working on the same material and using the 
same volumetric method. 

The methods adopted vary according as the amount 
present is small or large. The usual plan of adopting 
the same method fbr large percentages as for small ones 
by starting witl^^a proportionately smaller quantity of 
the niaterial is not an ideal one, in-as-much as accuracy 
is sacrificed to rapidity of analysis. The standard 
procedures adopted in the determination of small and 
high percentages are described in this and the following 
experiments. 

Principle : — When manganese chloride solution 
free from iron is treated with bromine water and 
sodium acetate or ammonia, hydrated oxide of man- 
ganese of the formula MnO (OH)j is precipitated. This 
is filtered off, ignited and weighed as MngO^. To secure 
a solution of manganese chloride free from iron, the well- 
known separation of iron as basic ferric acetate is 
adopted. The principle of the separation consists in the 
fact that when, to a solution of ferric and manganese 
chlorides, only very slightly acid and very dilute, 
a solution of sodium acetate is added and the mixture 
raised just to the boiling point, all the iron is thrown 
down as a reddish brown precipitate of basic ferric 
acetate^, the manganese remains in solution and is 
obtained by filtration. The reactions that take place 
are as follows: — 

-.CgHgOj 

FeCL + SCHgCOONa — ^Fet^QHaO, + SNaQ. 
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.OH 

Fe^i^'CgHgOg “h 2HOH— ^Fe OH + 2C2H4O2 

^QHaOa -QHgOa 

MnCla + Bra f 2HaO^ MnO^ + 2HC1 + 2HBr 

To carry the reaction indicated by the lower arrow 
in the last equation to completion, it is necessary that 
the medium should contain either excess of sodium 
acetate or ammonia. 

Solutions required : — 

(1) Sodium carbonate solution:-6 gms. in 100 ml. 
water. 

(2) Sodium acetate solution a saturated solution 
of it made at room temperature. 

(3) Dilute ammonia of 0.96 s.g. . Pour 7.50 ml. 
water into 250 ml. of ammonia in a litre bottle. 

Procedure : — 

Step 1 : — Dissolve 1 gram sample of steel in 1 5 ml. 
of cone. tlCl in a 200 ml. beaker covered with a cover 
glass. When the steel has gone into solution add 
1-2 ml. of cone, nitric acid to oxidize the ferrous iron 
to the ferric condition. Boil until the nitrous fumes are 
expelled. Transfer the solution to a 1000 ml. beaker. 
Rinse the small beaker three or four times and transfer 
the rinsings to the litre beaker. Dilute the solution to 
about 300 ml. . Add, in small quantities at a time and 
with vigorous stirring, the solution of sodiums carbo- 
nate until the precipitate of ferric hydroxide that is for- 
med is no more dissolved. There should be only a 
very small quantity of precipitate floating. At this stage, 
the contents of the beaker are dark red in colour when 
seen by reflected light. Dilute to a volume of 800 ml. 
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with water, heat, and, when about to boil, add 1 ml. of 
a saturated solution of sodium acetate. Boil for a 
minute after the addition of sodium acetate solution. 
Transfer to a litre measuring flask and make up to 
the mark with boiling water. Mix by pouring back 
and forth into a clean dry one litre capacity 
beaker. . Filter through a dry fluted filter paper into a 
500 ml. measuring flask. Place the 500 ml. flask in a 
boiling water bath and pipette off" sufficient of the filt- 
rate so that only enough remains in the flask to reach 
to the mark at the temperature of the bath. 

♦ 

Step 2 : — Precipitation of the manganese as MnO 
( OH )j, by means of bromine and ammonia : Cool the 
solution in the measuring flask to room temperature, 
transfer it to a 600 ml. beaker, rinse the 500 ml. flask 
two times and add the rinsings to the beaker. Add 1-2 
ml. of liquid bromine ( care ) and stir with a glass rod. 
There must be a few drops of bromine left at the 
bottom of the beaker. Add ammonia until the liquid 
smells of it. About 25-30 ml. of ammonia of s.g. 0.96 
will be required. Boil from 5 to 7 minutes. At the end 
of this time, the liquid in the beaker must still be 
alkaline to litmus paper ; if not, add ammonia till alka- 
line and boil until the liquid becomes colourless. Let 
the precipitate settle for a few minutes, filter and wash 
the precipitate with hot water. When the washing has 
been sufficient to remove the sodium salts, ( ten washi- 
ngs will be sufficient ) dry the filter paper with the 
residues by placing it on 3 or 4 thicknesses of ordinary 
filter paper, transfer to a platinum crucible and heat 
gradually over a Teclu burner until the dioxide of 
manganese has changed into MngO*. Cool in a desic- 
cator and weigh. Multiply the weight of Mn^Og by 
0.7203 to get the weight of Mn. ’ . 
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Notes : — 

(1) The successful carrying out of the experiment 
depends on strict adherence to the details up to the point 
at which the iron is precipitated as basic ferric acetate. 

(2) Solution of the steel in HQ is preferred to 
solution in HNO3 for the following reasons : — HNO, 
brings carbonaceous matter into solution in the form of 
nitrocompounds which interfere with a sharp separation 
of Mn from Fe. Hence solution ih HCl with subse- 
quent oxidation of FeQg by means <^f cone. HNO3 is 
eflFecfed. The carbon compounds pass off as gases 
when the steel is dissolved in HCl. If the iron is not 
in the ferric condition, separation of Fe from Mn is not 
possible. Ferrous acetate, unlike ferric acetate, is 
soluble in water and is not hydrolysed. 

(3) Sodium carbonate solution is employed in 
place of ammonia to precipitate a very large part of the 
iron as hydroxide, as the CO 3 liberated aids in the break- 
ing up of Fe ( 0 H )3 into small flakes and the solution 
of the same in FeCl 3 . The final precipitation of the small 
amount of iron in solution is accomplished by means 
of sodium acetate added at about 80°C. and in quantity 
just sufficient to precipitate the iron, thus preventing 
the formation of Mn (CgHgOg),, and its hydrolysis, which 
result from a large addition of the reagent. Filtration 
must be proceeded with immediately after the solution 
has been made up to the mark and mixed. The process 
of filtration adopted here is what is known as ‘fractional 
filtration’ and is the same as was adopted in the gravi- 
metric determination of sulphur in Pig Iron. The 
precipitate of basic ferric acetate is bulky. To wash it 
free from manganese salts is an operation which takes 
tpucdi tiihe, Hence half the Imlk of the soluficm, i.e. 



ml. is taken fot the actual precipitation of. Mn as MnO 
( OH ), thus dispensing with the necessity for washing 
the basic ferric acetate precipitate free from occluded 
Mn salt. 

(4) The precipitation of Mn as MnO ( OH \ is 
complete only when the solution from which it is 
precipitated is alkaline, or acid with a weak acid like 
CHgCOOH. Bromine reacts with ammonia and ammo- 
nium salts liberating acid, fot the neutralization of 
which much sodium" acetate is needed. Hence it is 
better to avoid, as far as possible, the introduction of 
ammonium salts into the solution from which Mn is to 
be precipitated. The reason for using NajCOg and 
NaCjHgOj in place of the corresponding ammonium 
salts will now be clear. The reaction with Btg and 
NH4CI is as follows : — 

2NH,C1 + 3Br2 — ^ Ng + 2HC1 + 6HBr 

(5) Conversion of Mn02 into MngO^ is complete 
only at temperatures from 950°-1050°C. . Either a 
muffle furnace or a Teclu burner must be used for the 
ignition of the precipitate. 

(6) The procedure for the determination of Mn 
in Pig Iron is exactly similar. It is also adopted with- 
out modification for the determination of hln in hema- 
tite ore, when a complete analysis of the same is requi- 
red and when the short volumetric method for the 
determination of this element is not, therefore, available. 

EXPERIMENT 22. 

Di^termination of Manganese in Fig Iron and 
Steel. 

Principle : — 

Manganese which is present in Pig Iron in the form 
partly of MnS and partly of Mi^ is dianged to pitrate 
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by solution in <iil. HNOg. The nittate thus formed is 
oxidized to permanganic acid by ammonium persulphate, 
a solution of silver nitrate being used as the catalytic 
agent. The permanganic acid is then titrated with a 
standard solution of sodium arsenite. From the amount 
of the arsenite solution used up, the percentage of Mn 
is calculated. 


Persulphate Method 

1. Dilute Nitric acid: — S.G.«1.2. The same as in 
Experiment 13. 

2. Silver nitrate solution : — Dissolve 1.3. gms. 
of the salt in 1 litre of distilled water. 

3. Ammonium persulphate solution : — Dis- 
solve 15 gms. of the substance in 100 ml. of cold dis- 
tilled water. The solution does not keep well. It 
should therefore be prepared fresh each time it is 
required. Even the solid reagent decomposes if the 
container is not corked tightly. 

4. Sodium chloride solution : — Dissolve 2 gms. 
in 1000 ml. water. 

Solutions required 

5. Standard Sodium arsenite : — Approximately 

N/110. Weigh 0.5 gm. of pure arsenious oxide into a 
conical flask. Add about 2 gms. Na^ COg and 25 ml. 
water. Boil in a water bath. When completely dissolved, 
cool and make up to 1 htre. Fix the strength of 
the solution exactly by titrating against N/lOO KlS^nO, 
solution. ' 

6. N/lOO KMnOg. Take exactly 20 ml. of N/ 10 
KMnO* prepared in Experiment 8, in 200 ml. measuring 
flask. Dilute to the mark with water. Mix well. To fix 
the strength of arsenite solution proceed as follows 
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pipette off 20 ml. of the Nj 100 KMn 04 solution into a 
300 ml. conical flask. Add 15 ml. of dilute HNOj sg. 
1.2. Add dropwise sulphurous acid or a 0.2% solution 
of potassium nitrite until decolorised, boil to expel the 
excess of sulphurdioxide or oxides of nitrogen, add 10 
ml. silver nitrate solution, 15-20 ml. of the ammonium 
persulphate solution and boil 2-3 minutes in a water 
bath. Cool. Add 2-5 ml. of sodium chloride solution. 
Run the arsenite solution from a burette until the pink 
colour is discharged. Repeat twice. Let the mean 
value of the volume of arsenite solution used be 22.0 
ml. Then, the strength of the arsenite is 20/22. N/100. 

1 ml. of this solution = 0.0001 gm. Mn. 

Procedure : — Weigh 1 gm. sample into a 200 ml. 
Erlenmeyer flask, add 40-50 ml. of dil. HNOg of s.g. 
1.20. Heat in a water-bath or on a mush room top 
Bunsen burner until dissolved. Dilute somewhat with 
20-30 ml. of cold distilled water. Filter off" the graphite 
receiving the filtrate in a 200 ml. measuring flask. Wash 
the Elrenmeyer and filter paper 4 or 5 times, cool and 
make up to the mark. Thoroughly mix by shaking. 
Pipette off 20 ml. into a 200 ml. Erlenmeyer flask, add 
5 ml. more of the same HNOg (s.g. 1.20). Raise to a 
boil by heating in a water bath. Add 10 ml. of AgNOg 
solution and after a minute or two, add 2 gms. of 
(NH^^SgOg (ammonium persulphate) dissolved in 10 ml. 
of water. Boil for about 1/2 minute after the colour 
fully develops or for 3 minutes after the addition of 
persulphate. Cool. Add 5 to 10 ml. of the 0.2^ NaCl 
solution and titrate with standard NagAsOg until the 
pink colour is just discharged. A white porcelain tile 
may be used in catching the exact end point or a sheet 
of white paper will equally serve the purpose. The 
titration is carried out after placing the flask on either 
of these, furnishing a white background. 

16 
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The reactioDS televant to the determination are as 
follows : — 

MnS + 2HNOa S 

8HNO, + 3HaS -4 (S 

2CNH.)aSjO, — > s+ a ( ) 

Mn(NO,)a + H«0 ^ 

2MnO 4 - 50 + H 2 O cTT A cO ('5'^ 

H^MnaOs+SHsAsOa— » HaO+ZMnO+SHsAsO^ () 
AS2O3 + O2 ^ 5 • 

llitre04NAs,O,=^‘°'^l'i«=<>|'NH2MDaOi=-j,,i,- 

Record and Calculation of results :— Weight of 

Pig Iron taken 1 gm.. Solution made to 200 ml. . 20 m . 
solution corresponding to 0.1 gm. sample was used for 

oxidation to H^MnaOs- ^ 

H^Mn^Oe required 5.6 ml. arsenite. Hence L Mn - 

0.56. 

In Works Laboratories the practice is to standardize 
the arsenite solution against a steel having a 
percentage of manganese. Thus, if 0.1 gm. 
whose Mn content is 0.63“^ requires in the permanganic 
acid state 6.3 ml. of the arsenite solution, then 1 ml. o 
that solution = 0.1% Mn when 0.1 gm. of the sample is 
used for analysis. 


Notes : — 

(1) The graphite in pig iron must be filtered off 
as otherwise if would cause a slight reduction o 
HaMnaOg and thus lower the value for Mn. 

(2) The reactions must all be carried out in a 
water bath as overheating causes the decomposition of 
HjMnaOg formed. 

(3) Even in the water bath, the permanganic acid 
must not be boiled for a prolonged time. 
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(4) The permanganic acid formed must be cooled 
to room temperature and then titrated ; otherwise, a 
slightly higher value will be obtained owing to the 
reoxidation of the reduced HaMnaOg by undecomposed 
(NH 4 )aSa 08 which may exist in solution, 

(5) The addition of NaCl serves two purposes. It 
yields a white precipitate with the catalyst and this 
white background enables one to hit off the end-point 
sharply. The removal of AgNOg by NaCl as AgCl pre- 
vents the re-formation of HaMnaOg by (NH^aSgOg, 
which is added in excess and some of which remains 
undecomposed. This undecomposed persulphate will 
restore the pink permanganic acid if the catalyst is not 
removed out of the sphere of action by being thrown 
down as a precipitate. The liberal addition of solid 
sodium chloride instead of the solution of the strength 
specified has resulted in the disappearance of the per- 
manganic acid colour. This is because of the forma- 
tion of HCl. 

(6) The procedure for Mn in steel is the same as 
above ; only filtration is omitted because there is no 
graphite in steel, 

(7) The intensity of the colour produced by the 
sample of pig iron may be compared with the colour 
obtained by a sample of steel of known manganese 
content, similarly treated. If 1 00 ml. of the Pig Iron solu- 
tion gives as intense a colour as 120 ml. of steel solution 
having 0.63% Mn, the weight taken in each case being 
the same, then the Mn content of the Pig Iron sample is 

— 120 — — g— or 0.525%. This method of determina- 

tion of substances by comparison of colours is known 
as colorimetry. , 

(8) In alloy steels containing Cr, V and .Co in 
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amoiuits less than 37o, 0.5% and 5% respectively, fairly 
accurate results for Mn may be obtained by finishing 
off a titration rapidly. Modified procedure when they 
are present in larger amounts, is dealt with in Experi- 
ment 23. Titanium, tungsten and molybdenum do not 
interfere. 

(9) Sodium bismuthate is often substituted for 
ammonium persulphate for oxidizing Mn to its heptava- 
lent condition. The precautions employed and the pro- 
cedure followed are : — The nitric acid used for solution 
of the steel should be entirely free from Cl or HCl. 0.1 
gm. of the steel is dissolved in 15 mk HNO 3 of 1.2 s.g. 
About 0.5 gm. of the bismuthate is added to oxidize 
the nitrated carbon compounds. Incidentally, permang- 
anic acid is formed. The solution is boiled until this is 
decomposed and the precipitated MnO^ is dissolved by 
the addition of a few drops of a solution of KNO^ or 
sulphurous acid. The nitrous fumes or the excess of 
sulphurous acid are expelled by boiling. The solution 
is then thoroughly cooled and diluted with 40 ml. of 
cold water. To the cold solution, about 0*5 to 1*5 gm. of 
the bismuthate is added, shaken well for a few seconds 
and the permanganic acid formed filtered off quickly 
from the excess of undecomposed bismuthate through 
asbestos filter and titrated against the standard arsenite 
solution. Wash liquid is 2)7 HNOg and should be free 
from HNO 2 . The oxidant is the bismuth tetroxide 
which gets reduced to Bi 20 g. The oxidation of Mn is 
effected by this reagent even at as low a temperature as 
0 °C., a condition under which little or no chromium is 
oxidized when the same is present in the steel. Put as 
ordinarily practised in Works’ Laboratories, some chro- 
mium is oxidized and the interference due to the pre- 
sence of this is avoided by proceeding with filtration 
and titration, after developing the colour, without any 
dday^ The bismuthate method is not followed in the 
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Works’ Laboratories in India, but it is a favourite 
method with English and American chemists and 
metallurgists. 

(10) Ferrous sulphate solution is also used to 
reduce the permanganic acid ; but as it changes its 
strength due to atmospheric oxidation, sodium arsenite 
solution is preferred. 

(1.1) Ammonium persulphate decomposes, parti- 
cularly during the monsoon months. It should there- 
fore be kept in properly corked ( and waxed ) bottles. 
Large quantities^ of the solution of this substance in 
water should not be prepared and stocked on account 
of the liability to decomposition. The percentage 
purity of a sample may be ascertained as follows: — 



Fig. 9. 

Weigh 0.3 gm. of the salt into a 300 ml. Erlenmeyer 
flask fitted with a Bunsen valve. Replace the air in the 
flask by carbondioxide. Add 30 ml. of a freshly 
titrated ferrous sulphate solution and 200 ml. of hot 
water. Shake well after closing the mouth of the 
flask. ’After 3 minutes, cool to room temp, and titrate 
the unused FeSO^ solution. From the volume of FeSO^ 
oxidized, calculate % purity of the salt. Example: — 

30 ml. of FeS 04 solution consumed 30 ml. of 

0.1 N KMnOa . . . 
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30 ml. of FeSO 4 + 0.3 gm. ammonium persulphate 
consumed 5 ml, of 0.1 N KMnOi . 

TT o/ • r i. 1 1 , * 25x0-01 141x100 

Honce % purity of the persulphate = 

= 95.1. 

For sketch of the Bunsen valve, see Fig 9. For 
description, see Expt. 62 b. 

EXPERIMENT 23. 

Procedure for Manganese in Alloy Steels 
Containing Chromium, Vanadium^ and Cobalt. 

The method described for the determination of Mn 
in plain carbon steels by conversion into HMn 04 and 
titration with NaaAsOj requires modification when the 
above elements are present in the following amounts : — 
Cr more than 37o ; V more than 0.5 ; Co more than 57. 
The two first elements register a high result for Mn 
because in the H 2 Cr 04 and HVO 3 condition, to which 
they are oxidized by the persulphate, they have an 
oxidizing action on Na 3 As 08 ; the last has no such 
oxidizing action ; but the pink colour caused by Co 
(NOj)^ is indistinguishable from the pink colour caused 
by permanganic acid. Hence the' end point cannot 
be hit off. 

Solutions required : — The same as in Experiment 
22 and dil.H 2 S 04 . Pour 30 ml. cone, H 2 SO 4 into 90 
ml. of water in a beaker. 

Principle of the modified method: — Zinc oxide 
added to a solution of steel in H 2 SO 4 and tlNOg 
containing Cr as Cr, (SO^), and V as HVO3 precipitates 
them as Cr (OH )8 and zinc vanadate respectively. The 
exact point at which the precipitation of Cr and V is 
complete becomes evident from the milkiness of the 
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supernatant liquid. After mixing, the precipitates arc 
filtered off, and the manganese determined from the 
filtrate in exactly the same way as Mn in plain carbon 
steel. 

Procedure : — Dissolve 0.1 gm sample in 10 ml. 
of 1‘3 HgSO^ in a test tube 8" x 1" by gently heating 
directly on a Bunsen burner. Add 5 ml. HNO3 of s. g. 
1.2, when solution is complete or nearly complete. Boil 
until brown fumes disappear. Make a thick paste of 
zinc oxide with water. Add this paste until the superna- 
tant liquid is miJky. Dilute with 25 ml. water. Filter 
and wash three times. To the filtrate ( about 50 ml. ) 
add 20 ml. HNO3 s g. 1.2, heat in the water bath, add 
10 ml. AgNOg and then 10 ml. of ( NH^ )9Sa08 ( 2gms. 
in 10 ml. water. ) When the colour is fully developed, 
that is, about 3 minutes after the addition of the persul- 
phate, transfer to a cold water bath. When thoroughly 
cool, add 10 ml. of NaCl and run standard arsenite 
solution until the pink colour is discharged. 

Notes ; — 

(1) Chromium steels do not dissolve completely 
in dil. HNOg of s. g. 1.2. Solution of the steel is effect- 
ed in H2SO4 (1 : 3). This acid has the effect of destroy- 
ing organic matter and the subsequent separation of 
Mn by ZnO is complete. In the presence of carbona- 
ceous or organic matter some of the manganese is 
carried down with the precipitate of Cr, Fe, etc. causing 
low results thereby. The addition of HNOg converts 
the FeS04 into Fe2 ( SO4 

(2) ' Chromium salts are oxidized by ammonium 
persulphate to H2Cr04. This oxidizes arsenite. 

(3) Co is not removed by ZnO. Most of it is 
removed by passing H2S into a solution slightly acid 
with acetic acid. Co is precipitated as CoS. This is 
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filtered oflF. The filtrate is evaporated to low bulk 
( 20 ml. ) with 10 ml. of cone. HNOg and the usual 
operation for Mn is then carried out. 

( 4 ) When the amounts of chromium, vanadium 
and cobalt are less than those specified, the persulphate 
method is employed with the following modification 
The titration with the standard arsenite solution is 
performed rapidly. In that case, the reduction of 
CrOg and/or V2O5 by the arsenite is a minimum. . 

( 5 ) When only vanadium is present in a steel but 
not chromium, excess of standard sodium arsenite solu- 
tion is introduced and the excess titrated against stan- 
dard potassium permanganate. The vanadic acid reduced 
by the arsenite is restored to its original condition by 
the permanganate solution. The difference between the 
volumes of NagAsOg and KMn04 which are of equal 
strength is a measure of the amount of Mn in the steel. 
The one precaution that is neccessary is to add KMn04 
until the pink colour persists for at least one minute. 
This is because the vanadium gets oxidized only slowly. 

(6) An alternative procedure for the determination 
of manganese in high chromium steels is based on the 
following principle : — Sodium bicarbonate solution 
precipitates chromium hydroxide from a mixture of 
solutions containing the sulphates of chromium, manga- 
nese and ferrous iron. The precipitate is filtered off 
and manganese is determined from the filtrate by oxi- 
dation with ammonium persulphate in the presence 
of silver nitrate. The procedure with the filtrate after 
reduction to low bulk by evaporation with dil. HNOg 
of s. g. 1.2 is identical with that for manganese in plain 
carbon steels. Procedure for solution of the steel 
sample is as follows: — Dissolve 1 gm. of the steel sam- 
ple contained in a 300 ml. Erlenmeyer flask covered by 
inserting a funnel in its mouth, in 20 ml. of dil. HgSOg 
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(1:9). When action is complete, dilute to 100 ml. with 
boiling water. Add froAi a burette 8^ solution of 
sodium bicarbonate until a permanent precipitate is 
formed, about 36 ml., and then 4 ml. more. Cover the 
flask and boil for 1 minute and let the precipitate settle. 
Filter rapidly and wash residue four or five times with 
hot water. Heat filtrate to boiling and oxidize by add- 
ing about 12 ml. of HNOg of s.g. 1.4, in small quanti- 
ties at a time. 

Evaporate to about 25 ml., transfer to a 200 ml. 
measuring flask, rinse three or four times with water 
and make up the solution to the 200 ml. mark with 
distilled water. Mix thoroughly. Pipette off 20 ml. into 
a conical flask and complete the determination of man- 
ganese as in plain carbon steel. 

EXPERIMENT 24. 

Determination of Carbon in Pig Iron, Steel and 
Ferro-Alloys by Direct Combustion. 

Principle : — ^When a current of pure, dry oxygen 
is passed over any of the above materials in suitable 
physical condition, drillings or powder, heated to 
1100°C. in an electric furnace, the non-metallic elements 
carbon, sulphur and phosphorus are converted into 
oxides which are gaseous while the metallic elements 
are converted to oxides which are solid. The gaseous 
products consisting of COj, SOj, PgOg and excess of 
oxygen are collected in a burette, very similar to that 
of Hempel for the analysis of gases ( Experiment 88 ) 
and connected to a levelling bottle, with water as the 
confining medium. Owing to their high solubility SOa 
and PaOg readily dissolve in the water which is in the 
burette and the levelling bottle. The reading of the 
17 
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burette, when the levels of water in it and the levelling 
bottle are the same, gives the* volume of COg and the 
excess of oxygen. This mixture is then passed into an 
absorption bulb filled with caustic potash solution. The 
residual gas is transferred back to the burette and its 
volume measured at the temperature of the water in the 
jacket surrounding the burette and at the Laboratory 
pressure. The difference between the two readings is 
the volume of CO 2 . From this volume the weight of 
carbon in the material is calculated.' 

Solution Required : — Dissolve 100 gnis. of potas- 
sium hydroxide in 200 ml. water. 

Procedure : — 

The apparatus used is shown in Fig. 10 b. 

Weigh 1 gm. of steel drillings and spread uniformly 
on a layer of dead burnt magnesite contained in a 
nickel boat, previously heated for several hours in the 
furnace to convert any carbon that it may contain to 
COg. Sweep out CO 2 formed by passing oxygen. Intro- 
duce the boat into the unglazed porcelain tube S shown 
in the figure. Quickly close the mouth of the tube and 
pass a rapid stream of oxygen from the gas holder, 
gradually lowering the levelling bottle from the highest 
point to which it has been raised to the lowest position 
on the rod along which it is slid. When the burette 
in which the gases collect is nearly full, stop the supply 
of oxygen. Turn the two-way stop-cock suitably so 
that the products of combustion are confined in the 
burette and pass neither out into the open air nor into 
the absorption bulb. Withdraw the nickel boat from 
the tube S with the help of the stout bent steel wire 
and receive it in the. asbestos-tray provided. 
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Adjust the levels and note the reading on the 
burette. Turn the two-way cock so as to put the burette 
and the absorption bulb in communication with each 
other. Pass the gases over into the absorption bulb by 
raising the levelling bottle. Take back the gases into 
the burette by lowering the levelling bottle. Repass 
and repeat the operation three or four times until the 
residual-gas volume is constant. Note the temperature 
of the water in the jacket tube surrounding the burette 
in which the products of combustion collect and the 
atmospheric pressure. Reduce the volume obtained to 
standard conditions of temperature and pressure, after 
allowing for aqueous tension. From the equation 

C4*Ojj — ^ COa, 

calculate the weight of carbon that will yield the volume 
of carbon dioxide obtained. Hence obtain the percent- 
age of C in the steel. 

Notes : — 

(1) The combustion of the carbon in the apparatus 
described is finished in 3 minutes. On account of the 
great ease of manipulation and the rapidity of combus- 
tion, this method has come into use very largely in all 
Steel Works’ Laboratories and especially at the Labora- 
tories where control tests on carbon are conducted 
during the process of refining of the pig iron into steel. 

(2) The results obtained are accurate with all 
classes of material. It has not the limitations of the 
colour method of carbon determination described in 
Experiment 25. 

(3) It has a gaeat advantage over the method of 
absorbing COg in KOH solution and weighing it, in 
that elaborate precautions have not to be taken to free 
the mixture of gases from SO, and PgOg and to, rasure 
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that the same amount of dtyness exists in the products 
entering and leaving the absorption bulb. There are 
no fragile parts to handle. 

(4) Any COg that may be present in the oxygen 
supply must be removed by passing through KOH 
solution contained in a gas washing bottle and the par- 
ticles of KOH solution likely to be carried by the rapid 
stream of oxygen, removed by passing through cone. 
HjSO^ contained in a second gas washing bottle. 

(5) Alundum boats and alundum powder may take 
the place of nickel boat and dead burnt magnesite res- 
pectively, The layer of alundum or magnesite helps the 
removal of the oxide from the boat. Without this layer, 
the removal is difficult and the boat will be rendered 
unfit for use after 4 or 5 runs. With a layer of one 
of the materials, 70-100 runs may be made with 
one nickel boat. Unglazed porcelain boats are also 
used. With care, they will serve for 6-10 runs each. 
They must not be allowed to drop from a height in 
withdrawing them in the red hot condition from the 
combustion tube. The asbestos tray must be held very 
close to the mouth of the tube S when withdrawing 
the boat. The same lining materials will serve in this 
case also. 

(6) The silica tubes which may be substituted are 
costly and great care must be taken to preserve their 
life. A spattering of the oxide of iron to the wall of 
the silica tube leads to the formation of fusible ferrous 
silicate followed by cracking of the tube. The spatter- 
ing of the oxide and the consequent damage to the 
silica tube may be prevented by putting a loose sheath 
of the same material as the boat on it and then intro- 
ducing it into the silica tube. Unglazed porcelain tubes 
imperm^ble to gases . and of the brand known as 
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‘Pythagoras’ are manufactured in India by Messrs. Bum 
& Co, Raniganj, 

(7) In routine work, calculation is facilitated by 
reference to Table No. 1. It must be borne in mind 
that the table has been drawn up, calculating in the 
manner described in the Example ( See below ). 

(8) In the case of materials having more than 

C, not more than 0.2 gm. sample should be taken. This 
is because of the fact that the capacity of the burette 
with the cylindrical bulb is only about 200 ml. and that 
to sweep out the CO3 from the combustion tube nearly 
15-20 times its volume ©f oxygen is neces sory. In the 
case of materials of higher carbon content than I7, the 
volume cannot be accommodated in the burette with 
the cylindrical bulb. As the latter is ungraduated, there 
will be a further difficulty in measuring the residual gas 
after the absorption of CO2 by KOH solution. 

(9) The oxidation of the carbon in pig iron and 
some of the ferro alloys like ferro-chrome, ferro-man- 
ganese is helped very much by the addition of about 
0.1 gm. of lead peroxide to the material whether in the 
form of powder or drillings. 

(10) The heating elements used are two carborun- 
dum rods connected in series. The voltage of the elec- 
tric current supply required is 220 D.C. The maximum 
current required to maintain the necessary temperature 
of 1050”C to 1150°C. is 4.5 amperes. This is reached 
within about one hr. after the current is switched on, 
provided the voltage of the supply line is 220. In case 
the voltage drops, the necessary temperature will not 
be attained. But it is possible to make carbon determi- 
nation on plain carbon steels and pig irons if the tem- 
perature does not fall below 900®C. 
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(11) With use the carborundum rods get oxidized. 
The result is the formation of a layer of silica on 
them. With the formationof this layer, the conducti- 
vity drops and the required temperature is not attained. 
By employing current at a higher voltage, the rods 
may be made to give further service. 

(12) Resistance wires have not the life that carbo- 
rundum rods have. Hence the use of the latter in the 
combustion furnace. 

(13) Oxygen required for this experiment is ob- 
tained from a cylinder of the compressed gas supplied 
in steel cylinders. These are available in capacities rang- 
ing from 10c. ft. to 100c. ft. of the gas at atmospheric 
pressure. The pressure to which the gas is compressed 
is of the order of 1500 lbs. per sq.inch. The gas can- 
not therefore be drawn directly from the cylinder for 
this experiment unless it is fitted with a device known 
as the regulating and the reducing valve. This permits 
of the gas being drawn at a pressure varying frem 5 lbs. 
per. sq. inch to 45 lbs. per sq. inch. Even when this 
device is available, it is necessary to draw the supply 
of oxygen for the combustion from a gas-holder. The 
Pepys holder is the one in common use. That in use 
in the College has a capacity of- about 30 litres of 
oxygen at atmospheric pressure. Fill it with oxygen from 
the cylinder as follows : — First fill it with water. Admit 
water from the reservoir R at the top into the holder 
G by opening the cock c. When completely filled with 
water, it will flow out from the tap /. Have at least a 
column of water 6 inches in R when G has been filled. 
Close the cock c and the tap /. Unscrew the cap Q 
fitting the top of the soldered tube st near the lower 
end of G. Introduce a piece of rubber-tubing to a depth 
of about half of an inch into the water column in st. 
Connect .the other end of the rubber tubing to P, the 
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metal tube from whicli the gas from the oxygen cylin- 
der C issues on opening the valve V, with the special 
key supplied with the cylinder. To open V give a few 
gentle strokes to the key after engaging it with V, 
with a wooden mallet. Turn the handle H anticlock- 
wise half to one turn. G must be placed near a sink so 
that, as the gas fills it, water empties into the sink. 
In 5 to 10 minutes after opening V and H, G will be 
filled with the gas. The level of water in the glass-gauge 
fitted to G indicates how much of G has been filled 
with the gas. To draw gas from G for the combustion 
experiment all ^hat is necessary is to run water from 
R through the cock to open the tap / and to connect 
it by means of a piece of rubber-tubing to the 
wash-bottle containing caustic potash solution. The 
cylinder, the gas holder and the wash-bottles are all 
shown in Fig. 10 a . 

(14) Before starting. an experiment, the student is 
advised to acquire a little practice in handling the appa- 
ratus by passing oxygen through the combustion tube, 
collecting the gas in the burette, measuring its volume, 
passing it into the absorption pipette, transferring the 
residual gas back into the burette and ultimately dis- 
charging it into the air by suitably turning the two-way 
cock and raising the levelling bottle until the glass 
float provided in the burette prevents the escape of 
liquid by any inadvertent raising too much of the 
levelling bottle. 

(15) There are also glass floats provided in the 
caustic potash absorption pipette. Sometimes gas bub- 
bles get entrapped in the pipette. By a quick lowering 
of the levelling bottle, such entrapped gas bubbles may 
be dislodged and transferred to the burette. 

(16) The only way to assure oneself that th( 
combustion of the sample has gone tight is to press 




Fig. 10 c. 
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between the fingets ot to gently hammer on a small one 
inch square anvil block the burnt drillings. If they 
crumble » powder without flattening, the combustion 
has gone right. 

(17) To enable readings on the burette to be taken 
with greater ease, water, acidulated with one or two 
ml. of dilute sulphuric acid of s.g. 1.2 and to which a 
few drops of methyl orange have been added, is used 
as the confining liquid in the burette and the levelling 
bottle. 

(18) One-holed rubber corks are used for closing 
the inlet and the outlet end of S. To avoid the soften- 
ing of ' the rubber corks by the heat radiated from the 
hot part of S, it is desirable to have 6-8 inches of tube 
projecting from either end of the furnace. The total 
length of S must be about 24 inches. About inch is 
a suitable diameter for S. 

(19) A solid absorbent known as ‘ascarite’ is in 
regular use in Iron and Steel Works’ Laboratories in 
the U. S. A. for the absorption of COg. The ‘ascarite’ 
container is weighed before and after an experiment. 
From the increase in weight, the percentage of carbon 
is calculated. But, as already pointed out, this method 
requires elaborate precautions for the elimination 
of PaOg and SOj and is not as rapid as the volu- 
metric one. 

(20) Substances like red lead, lead dioxide, etc. 
which are used to help the combustion of ferroalloys 
and which are known as ‘acceleratoi;|’, will give a 
blank, (i. e.) a small volume of COg. This blank must 
be determined and allowed for. The same weight as 
is used in a blank run must be used in the sample run. 
Similarly, the dead-burnt magnesite will give a blank. 
This must be determined and allowed for. 

18 
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Example : — 

Weight of sample 1 gm. 

Reading of the burette after collecting COj and O 2 000 
Reading after absorption of COa 120 

120 divisions = 12 ml. 


Volume of COg = 12 ml. 

Temperature of the watef in the tube jacketing the 
burette = 27° C. 

Barometric pressure = 760 mm. 

Aqueous tension at 27° C. =26.5 mm 
22.4 litres of CO 2 at N.T.P. result from the com- 
bustion of 12 gms. of carbon. 

10 X 273 X ( 760—26.5 ) 


300 X 760 


or 10.54 ml. COa at 


N.T.P. will result from carbon. 

1 gm. of steel sample contains ~2240^ 
carbon. 

1 1 . • 10.54 X 12 X 100 

100. gms. steel sample contain 22*400 

or 0.565 gm. carbon. 


Percentage of C in the steel =0.565 
In routine work, the following rule is observed : — 
Multiply the number of ml. of COg obtained in an 
Experiment by the factor corresponding to the obser- 
ved temperature and pressure in Table No. 1. Divide 
the product obtained by 20 and the quotient so obtain- 
ed represents tlse percentage of carbon in the material, 
when 1 gm. of sample has been taken for analysis. 

Thus in the example above given the percentage of 
carbon is ; 


12 X 0.940 
20 


or 0.565 
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TABLE No. 1. 

Temp. °C Pressure expressed in mm. of mercury 



740 

745 

750 

755 

760 

15 

•973 

•980 

•987 

•994 

1-00 

16 

•969 

•976 

•983 

•990 

•996 

17 

•964 

•971 

•978 

•985 

•991 

18 

.960 

•967 

•973 

•980 

•987 

19- 

.955 

•962 

•968 

•975 

•982 

20 

•957 

•958 

•964 

•971. 

•977 

21 

•946 

•953 

•959 

•966 

•972 

22 

•941 

•948 

•954 

•961 

•967 

23 

•936 

•943 

•949 

•956 

•962 

24 

•931 

•938 

•944 

•951 

•957 

25 

•926 

•933 

•939 

•946 

•952 

26 

•921 

•928 

•934 

•941 

•947 

27 

•917 

•923 

•929 

•936 

•942 

28 

•912 

•918 

•924 

•931 

•937 

29 

•906 

•913 

•919 

•926 

•932 

30 

•901 

•908 

•914 

•921 

•927 

31 

•896 

•902 

•908 

•916 

•927 

32 

•891 

•897 

•903 

•910 

•916 

33 

•885 

•891 

•897 

•905 

•910 

34 

•880 

•886 

•892 

•899 

•905 

35 

•874 

•880 

•886 

•894 

•899 

36 

•869 

•875 

•881 

•888 

•894 

37 

•863 

‘869 

•875 

•882 

•888 

38 

•856 

•863 

•869 

•875 

•882 

39 ■ 

•850 

•856 

•862 

•869 

•875 

40 

•844 

•850 

•856 

•863 

•869 

41 

•837 

•843 

•849 

•856 

•862 

42 

•831 

•837 

•842 

•850 

•857 

43 

•824 

•831 

•836 

•843. 

•851 
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EXPERIMENT 25. 

THE DETERMINATION OF CARBON IN STEEL 
By the Colorimetric Method (Eggertz’s Method) 

Principle ; — ^Whcn steel is dissolved in dilute nitric 
acid, the carbon present in the combined condition 
forms a nitro-compound which is brown-coloured. The 
intensity of the colour is proportional to the amount of 
carbon present. 

Solution required : — Dilute HNOj of s.g. 1.2. 
Mix 100 ml. of the purest cone. HNOg obtainable with 
120 ml. of distilled water. • 

Procedure : — 

Weigh 0.1 gm. of a standard steel ( i. e. steel with 
a known percentage of carbon ) into a clean dry test 
tube. Mark this ‘S’ with a glass-marking pencil. Simi- 
larly weigh 0.1 gm. of the sample under examination 
into a second clean, dry test tube. Add to each 2 ml. 
of HNOg s.g. 1.2 using a 2 ml. pipette for the purpose. 
When the brisk action has slowed down, place them in 
a bath of boiling water and heat for 10 minutes at the 
end of which time the drillings will have completely 
dissolved. Remove the test tubes to a cold water bath. 
Transfer the solution in the tube marked ‘S’ into a 
graduated colour comparison tube of 30 ml. capacity 
which is also marked ‘S’. Rinse the test tube with 1 ml. 
of water. Transfer the rinsing to the same graduated 
tube. Repeat this 2 or 3 times. Make up to a definite 
volume with distilled water and mix well by shaking. 
If the percentage of carbon in the standard is 0.60, 
dilution to 20 ml. is convenient. Similarly, transfer 
the contents of the tube in which the sample was dis- 
solved to a second graduated tube, rinse and mix well. 
Hdd the tubes against a closed window, one of the 
l^s panes of which is coveted by a filter-papet. The 
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tubes ate held Against the white back-gtdund so impro- 
vised. If the colour of the sample is darker, add water, 
from a burette or other device, in small quantities at a 
time, mix well and compare. Repeat until the colour of 
the sample exactly matches that of the standard. If the 
aample is lighter, proceed with the standard in the 
manner described above until the colours are matched. 
Change the relative positions of the two tubes when 
making a test, that is to say, what was to the tight is 
shifted’ to the left. To most people, things to the left 
appear darker and so the change of the positions of the 
comparator tubes helps greatly in judging correctly. 


Example of Calculation : — 

* 


Let the Standard Steel contain 0.60^ carbon and let 
the volume of solution in the graduated tube S be 20 
ml. If the volume of solution in the tube with the 
sample which matches the colour of the Standard is 19 
ml., then, the percentage of carbon in the sample is 


060 
2(f ^ 


19 or 0.57 


Notes on the Process : — 

1. The nitric acid used for dissolving the steel 
must be the purest obtainable. Traces of chlorine or 
hydrochloric acid destroy the colour. 

2. Prolonged boiling even in the water bath tends 
to make the colour paler. Hence more than 10-15 
minutes’ boiling is injurious. 

3. • The Standard Steel must have approximately the 
same percentage of carbon as the sample under test. 

4. Both the Standard ami the sample must have 
been made by the same method of manufacture ; that is 
to say, basic open heardi stedi mu&t be compared with a 
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Standard also made by the basic open hearth process, -acid 
Bessemer steel with acid Bessemer Standard and so on. 

5. The standard and the sample must have under- 
gone the same heat-treatment and the same mechanical 
treatment. 

6. The conditions under which the Standard and 
the sample are treated must be identical, that is to say, 
the same volume of acid must be used for the same 
quantity, and both must be boiled for the same, length 
of time in test tubes of the same size. In deciding 
what weights of steel, standard and sample, are to be 
used in the several cases that arise, the following table 
will be helpful. 


(From Arnold and Ibbotson’s ‘Steel Works Analysis’) 


%Carbon in 

7 

/o 

Weight of Size of Volume of acid 

steel 

carbon in steel in 

tube in 

of s.g. 1.2 

(Approximately) Standard gms. 

inches. 

in ml. 

1.3 to 1.7 

1.50 

0.05 

CN 

X 

3 

1.1 to 1.3 

1.20 

0.05 

99 

3 

0,8 to 1.1 

0.90 

0.10 

99 

4 

0.4 to 0.8 

0.60 

0.10 

99 

3 

0.2 to 0.4 

0.30 

0.10 

99 

2 

0.1 to 0.2 

0.15 

0.30 

6x 1 

1 


7. The method is not applicable to alloy steels 
containing large percentages of chromium, nickel and 
copper, as the nitrates of these metals give coloured 
solution, completely masking the colour due to the 
formation of the nitro compound. 

EXPERIMENT 25 A. 

Determination of Total Carbon in Pig Iron 
( Ibbotson’s Method ) 

Principle : — ^When pig iron drillings are treated 
widi a solution of potassium cupric chloride in water. 
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the itoti displaces copper from solution and the carbon 
existing in the iron both in the free and the •combined 
form is obtained as a residue. This residue is filtered 
off through asbestos and treated at about 130”C. with 
a measured excess of standard KaCraO^ solution in 50% 
HaSO, whereby the C is oxidized to COa- The unused 
amount of the dichromate is found by titration with 
standard FeS 04 , ( NH^ )a SO 4 , 6 HaO solution. From 
the amount of dichromate used, the amount of carbon, 
is calculated. The reactions that take place during 
the several stages are : — 

K 2 CUCI 4 ^ Fe— > 2KC1 + FeCla + Cu 
SICaCuCb +• FcjC— — ^ 6KC1 + 3FeOa'(' 3Cu + C 

Cu KaCuCb— ^ KaCuaCl 4 

3C+2K3Cra0,+8HaS04 2 KaS 04 + 2 Cra(S 04 ) 3 + 

8Ha0+3C03 

Solutions required : — 

1. a. 50% sulphuric acid. 

To 550 ml. of water add gradually 270 ml. 
of cone. HaS 04 ( s.g. 1.84 ). 

b. Dil FIaS 04 of s.g. 1.18, The same as in Expt. 13. 

2. Potassium cupric chloride solution. Dissolve 
300 gms. of the double chloride in water containing 
75 ml. of HCl of s.g. 1.2 and dilute to 1 litre with 
water. 

3. Standard Potassium dichromate solution : — 
Dissolve 19.6 gm. of the pure salt in 50^ sulphuric acid 
and make up to 1 litre exactly with the same acid. The 
solution’ is 2Nj5 strong. 100 ml. of this will be 
required for one determination, using 1 gram of 
pig iron. 

4. Standard Ferrous ammonium sulphate solution. 
Dissolve 156.8 gms. of the salt in Tj^ter and make up 
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to 1 litre with 50% HaS 04 . About 75 ml. of the solution 
will be recfuired for each determination. 

5. 1 litre of a solution of calcium chloride contain- 

ing 1010 gms of the anhydrous salt. This solution has 
a boiling point of about 130”C. 

Procedure : — 

Weigh 1 to 1.5 gms. of pig iron drillings into an 
Erlenmeyer flask of 250. ml. to 350 ml. capacity. 
Introduce at the rate of 100 ml. of the potassium cupric 
chloride solution per gram of drillings into the flask 
containing the drillings. Fit it with a- two-holed cork 
and connect as shown in Fig. 11 with the Bunsen filter 
pump and allow the process to go on for at least 



Fige. 11 

4 hours. Filter through a Gooch crucible containing 
a felt of asbestos. Wash, until free from iron, the flask 
and the residue on the asbestos felt, with hot dilute 
sulphuric acid of s.g. 1.18. Care must be taken to see 
that all the residue in the flask is transferred to the 
asbestos felt. When free from iron, the felt with die 
residue is lifted off the crucible and placed in a beaker 
of 150 1 ^. ca|»city.- Any residue adhering to th^ sides 
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of the Gooch crucible may be wiped with moist asbe- 
stos and the same placed in the beaker. 100 ml. of the 
diehromate sulphuric acid mixture. ( i.e. ) solution No. 3. 
is added to the beaker by means of a pipette. The 
beaker with the contents is heated in a bath of calcium 
chloride solution (temperature about ISO'^C.) for about 
an hour. Transfer the contents of the small beaker to a 
500 ml. beaker, and rinse it with cold water. Cool to 
room temperature. Run from a burette 70-100 ml. of 
the standard ferrous ammonium sulphate solution 
(No. 4) into the beaker and titrate the excess of it with 
the dichromate soljution, using potassium ferricyanide as 
external indicator. From the amount of dichromate 
solution used, calculate the percentage of total carbon in 
the sample of pig iron. 

Example : — 

1.5 gms. of pig iron were treated with 150 ml. of 
KaCuCh solution. The residue was filtered off through 
asbestos felt on a Buchner funnel and heated for 2| 
hours with 50 ml. of 2Nf5 K 2 CraO, in a beaker of 150 
ml. capacity, placed in a bath of calcium chloride solu- 
tion boiling at 130®C. 67.6 ml. of FeSOi (NH 4 ) 2 S 04 - 
6 H 2 O were added to the cold contents of the beaker. 
The excess of this solution required 45.1 ml. 2N/5 
KaCrgO,. 

Total volume of 2N/5 K 2 Cr 20 y = 95.1 ml. 

Volume of FeSO^ = 67.6 ml. 

67.6 ml. FeS 04 = 46.5 ml. K 2 CraO,, as ascertained 
by a separate titration. 

Hence, volume of KaCraO, used up in oxidizing the 
carbon in the iron is 95.1 ml. — 46.5 ml. or 48.6 ml. 

1 ml. of 2N/5 KaCraO^ = 0.0012 gm. carbon. 

48.6 ml. „ = 48.6x0.0012 gm. carbon. 

1.5 gms. pig iron contain 48.6 x 0.0012 gm. C 
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100 gms. ^ 0.00 12 X 100 

1 *5 

or 3.888% C. 

From the equation 

C -]-■ Oj — ^ CO2 

it follows that 1 litre of 2Ar/5 contains 

2x12 

— f of carbon, supposing it to 

O X r 

exist suspended in water. 

1 litre 2N/5 KaCtaO, =1 litre 2N/5 C 
or 1 ml. 2N/5 „ —0 001.2 gm. C. 

A duplicate run on the same sample yielded 3. 792% 
carbon. 


The approximate percentage error is 2.25, which in 
a determination of this nature is permissible. (The cor- 
rect percentage has been assumed to be 3.888.) 

The relation between the dichromate and the ferrous 
ammonium sulphate solution as obtained by the separate 
titration referred to above, was: — ■ 


2NI5 KaCraO, FeSO^, (NH4) 3SO46H2O 

Final reading 14.4 21.3 

Initial reading 0.1 0.5 ~ 

Volume used 15.3 I 20.8 


Notes : — 

(1) The presence of HCl in potassium cupric chlo- 
ride solution has a beneficial effect on the quick separa- 
tion of carbon. Cuprous chloride which is a product 
of the reaction will, if not dissolved by HCl, interfere 
with the attack on iron, by forming a protective layer 
on the drillings. 

(2) , Asbestos and not filter paper is to be used for 
filtration of the carbonaceous residue. The di chromate 
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-sulphuric acid will oxidize the filter paper and the 
carbon percentage obtained on the sample will be 
higher than the true value. 

(3) Washing with dil, H2SO4 is necessary to re- 
move ferrous salts. These, if present, will vitiate the 
accuracy of the results by reacting with the dichromate 
solution. 

(4) 50% H2S0^ is preferred to acids of other con- 
centration as this acid alone has the maximum effect in 
hastening the oxidation of the carbon by the dichro- 
mate. At ISO^C.^the reduction of the dichromate by 
this acid is negligibly small ; that is to say, no chro- 
mium sulphate Cr^cSOJj is formed with the 50% acid. 

(5) The spotting plate becomes very serviceable 
even when not of the best make by coating it with a 
layer of paraffin wax. A drop of the solution to be 
tested when placed on the plate thus coated does not 
spread. After the test is over, it is easily washed, no 
stains being left. 

(6) The following table from Mellor’s ‘Inorganic 
Chemistry’ shows the concentrations of chloride solu- 
tions and the corresponding boiling points : 


No. of gms. of 
anhydrous CaCl2 
in 100 gms. of H2O 

11.5 

25 

101 

222 

Boiling points in 
Centigrade degrees 

102 

105 

1 130 

160 


(7) This method is becoming obsolete. It is des- 
cribed here in order that small laboratories, attached to 
Foundries, which cannot afford expensive equipment, 
like the Strohlein apparatus, may carry out, with 
teasonable accuracy and rapidity, the determination of 
total cafibon. 
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EXPERIMENT 26. 

Determination of Graphite in Pig Iron. 

Carbon exists in Pig Iron partly in the free or un- 
combined condition and partly in the combined condi- 
tion as FcaC. The two forms are determined separa- 
tely, as these give an indication of the softness or hard- 
ness of the metal and therefore its suitability or other- 
wise for the foundry. 

Determination of Graphite : — 

Principle -When a sample of pig iron is dissolved 
in nitric acid, the combined carbon goes into solution 
yielding a nitro-compound while the graphite carbon is 
left unattacked. This is filtered off through tared filter 
papers which are dried at 100°C. . The increase in 
weight of one of the papers over the other gives the 
amount of graphite in the pig iron. 

Solutions required : — 

1. Dilute HNOj s.g. 1.135. Pour 100 ml. of cone. 
HNO 3 into 200 ml. water in a bottle. Mix well by 
shaking. 

2. Dilute HCI. Mix 10 ml. cone. HCl with 20 ml. 
water. 

3. 5 % ammonia. Mix 10 ml.' of ammonia of s.g. 
0.88 with 45 ml. water. 

Procedure : — 

Dissolve 1 gm. of pig iron in a 150 ml. beaker in 
50 ml. of HNOj of 1.135 s.g. . Keep at a gentle boil for 
1 hour on the hot plate, covering the beaker with a 
cover glass. Remove from the hot plate, filter 'through 
the tared filter papers which have been fitted to a funnel, 
wash with cold water, hot dil. HCl ( solution 2 ), 
cold water, 5 % NH 4 OH solution and finally with hot 
water. Spread the papers on a watch glass,, and dry in 
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an ait oven at lOO'^C. When the papers become dry, 

( this will take about 1 hour ), cool them in a desiccator 
and find the increase in weight of the paper with the 
deposit of carbon, over the other and calculate the 
percentage. 

Notes: — 

( 1 ) Nitric acid of the specific gravity specified 
does not lead to the separation of silica in a gelatinous 
form which makes filtration tedious. 

( 2 ) Even when using acid of this s.g., it is neces- 
sary to boil gently and prevent the concentration of 
acid by covering with a cover-glass. A tall narrow 
beaker is to be preferred to one of the same capacity 
but with a broad bottom, as solution is effected in the 
former without separation of silica. 

( 3 ) If the filtration consumes much time due to 
the separation of silica in a gelatinous form, a real 
difficulty arising in the case of very grey pig irons, the 
experiment must be started over again and a few drops 
of hydrofluoric acid added after the pig iron drillings 
have dissolved in HNOg. After such treatment the 
filtration of the solution is considerably facilitated. 

( 4 ) The combined carbon in the pig iron may be 
converted into solid, liquid or gaseous hydrocarbons on 
boiling with dil. HNOg. , The non-volatile hydrocarbons 
are soluble in alkalies, alcohol or ether. In very accurate 
work, it is desirable to give a wash with all of these 
liquids in succession. 5% ammonia serves for the alkali 
wash. When ether wash is made, it must be followed 
by cold water wash until the ether is removed. 

( 5 ) To be very accurate, the filter-paper with the 
deposit of carbon must be burned m a platinum crucible 
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in a muffle furnace and the weight of the small amount 
of silica deducted from the weight of residues obtained 
by drying in the air-oven at 100”C. 

( 6 ) In preparing tared filter papers, they must 
not be held with the fingers at the time of cutting them 
with a pair of scissors. They must be handled with a 
pair of forceps. Moisture in the hands is absorbed and 
the adjustment to equality of weights is never attained 
in consequence. 

( 7 ) Dil. HCl. of s.g. 1.12 may be employed with 
advantage for dissolving white pig iron high in combi- 
ned carbon. This acid, unlike HNOg, does not lead to 
die separation of sulphur along with the graphite 
carbon. When dealing with pig irons made from 
titaniferous iron ore, dil. HNOg must be employed, as 
HCl will not dissolve the titanium carbide present in 
those irons. 


( 8 ) An alternative method for the determination 
of graphitic carbon consists in dissolving the pig iron 
drillings in dil. HNOg as above, filtering off the graphite 
through asbestos felt on a perforated porcelain disc or 
plate and burning off the residue, after drying, in the 
combustion apparatus described iii Experiment 24. 

Example : — 


Weight of pig iron 
Weight of graphite + 
SiOg + water 
tenaciously adhering 
to SiOj at lOO^C. 

Weight of residue on burning 
the deposit 

Weight of graphite 
Peremtage of graphite 


^1.0000 gm. 
=0.0356 gm. 


=0.0050 gm. 

=0.0306 gin. 
=3,06. 
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EXPERIMENT 27. • 

Determination of Nickel in a Sample of 
Nickel-Steel. 

( The Cyanide Method. ) 

Principle : — 

When a solution of potassium cyanide is added to 
nickel sulphate solution, a precipitate appears first 
which dissolves when an excess of it is added. The 
indication of the point at which the precipitated nickel 
cyanide has. completely been dissolved by KCN is 
obtained with the help of Agl which remains suspended 
in the liquid that is being titrated. The disappearance 
of the turbidity due to silver iodide marks the point at 
which Ni (CN)2 has been completely dissolved by KCN. 
This reaction also takes place between a ferric or a 
ferrous salt and KCN. Either the removal of these salts 
or the interference caused by these salts is therefore 
a necessity. Copper and cobalt salts also interfere with 
the method as they react with KCN in a manner similar 
to Ni salts. As these metals are not present at all, or, 
are not present in more than traces in ordinary steels, 
no provision need be made for their removal. For the 
removal of iron, the basic acetate separation is available 
but as it is lengthy, the intereference is prevented by the 
addition of a large amount of citric acid and ammonia 
leading to the formation of un-ionised iron citrate. 

The reactions that take place are : — 

(1) • Ni (NHg) gSOi + 4KCN — > KjNi (CN)^ + 

KjSO^ i- 6NH3 

(2) AgNOa + KI — ^ Agl + KNOa 

(3) Agl + 2KCN — > KAg (CN)2 + KI 

(4) AgNOs + 2KCN — ^ KAg(CN) 2 +KN 03 



Solutions required : — 

(1) Dil. HCl s.g. 1.1, The same as in Expt.No. 13. 

(2) Dil, HNO3 s.g. 1.2 „ „ „ „ „ „ 

(3) Dil. HaSO,. Pour 30 ml. cone. U^Spt into *90 
ml. water. 

(4) 27o KI solution. Dissolve 2 gms. in 100 ml. 
water. 

(5) Standard Silver Nitrate solution. Dissolve 2.9 
gms, of the salt in water and make uptoSOO ml. exactly. 

(6) KCN solution. Dissolve 5 gms in 500 ml. 
water Add 1 gm. KOH. Dilute to about 1000 ml. 

procedure : — 

Weigh 1 gm. steel drillings into a 150 ml. beaker. 
Add 20 ml, dil. HCl (s.g. 1.10) and place on the hot 
plate. When dissolved, add 10 ml. of dil HNO3 (s.g. 
1.2) to oxidi 2 e the iron to the ferric state. Evaporate 
to half the bulk. Remove from the hot plate, add 30 
ml. of sulphuric acid (solution 3). Transfer the con- 
tents to a large beaker (600 ml.). Introduce 12 gms. of 
powdered citric acid. Stir until dissolved. Add ammonia 
until slightly alkaline to litmus. The solution passes 
through different shades of colour. Care must be taken 
to make just slightly alkaline. This is done with the 
help of litmus paper thrown into the solution. Cool. 
Dilute to about 300 ml. 

To the cold solution add from a burette 2 ml. of 
KI solution and run from a second burette standard sil- 
ver nitrate solution until a distinct yellow turbidity is 
obtained. Now run the standard potassium cyanide 
with constant stirring until the yellow turbidity due to 
silver iodide is just discharged. In case it is thought 
that the end-point is considerably passed, the following 
step is taken to hit off the end-point exactly. Add a few 
drops more of silver nitrate solution from the burette 
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until a distinct turbidity is seen. Discharge this by the 
careful addition of KCN from the burette, 

.Standardization of the cyanide solution : — 

As potassium cyanide is not available pure, a stand- 
ard solution of it cannot be made by weighing out a 
definite quantity and making up the solution in water 
to an exact volume. The value per ml. of KCN solu- 
tion in terms of Ni is fixed by putting 1 gm, of a sam- 
ple of steel of known nickel content through the above 
process. In the absence of such a standard steel, the 
following method is adopted wherein the solution of 
AgNOg is taken as the standard. To the finished assay, 
add 10 ml, KCN solution, then add AgNOg solution 
until a turbidity just appears. 

Example and Method of Calculation : — 


KCN AgNOg 


Sample of steel 28.5 ml. 

2*5 ml. 

Standardization 10.0 ml. 

12.0 ml. 


Strength of AgNOg solution is ~ x ~ 

Hence strength of KCN solution is x x N/IO 

1 litre NJIO KCN = gm. Ni. 

Volume of KCN solution used for reaction with Ni only 

= 28-5 - X 2-5 ml. 

12 

= 28-5 - 2.1 ml. 

= 26.4 ml. 

26.4 ml. of N/lO KCN - x 

12x5.8x26.4 xri 

170 x '-i m - • 

20 
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1 gm. steel contains 

100 gms. contain • 
Percentage of Ni 


58.7x12x5.8x26.4 _ xi: 

58.7x12x5.8x26.4x100 _ 

20 X l70 x’lTO ^ ■’ 


Notes : — 

( 1 ) Unlike the indicators used in acidimetry and 
alkalimetry, there is no quick and sharp indication of 
the end-point. A certain volume of AgNOj ’solution 
is used up to form Agl which disappears only after the 
consumption of a few ml. of KCN. This must be 
determined and allowed for ; otherwise the results for 
Ni will run high. In the above experiment, 2.1 ml. 
KCN which were used up for reacting with 2.5 ml. 
AgNOj, have to be deducted from 28.5 ml. before the 
calculation is made. 

( 2 ) From equations ( 1 ) and ( 4 ), it is clear that 
the atomic weight of Ni divided by 2 will yield a 
normal solution when present in 1 litre. 

( 3 ) The end-point becomes well defined only 
when Ni is present as Ni( NHj ) 6 S 04 . Hence the 
addition of HaS 04 is made. 

( 4 ) When more than traces of Cu or Co are 
present, they must be separated. The former is separated 
as CuS by passing HjS and the latter by precipitating it 
with a nitroso-^-naphthol. When Co is present along 
with nickel, the latter is determined mote quickly and 
easily by means of dimethyl glyoxime. 

( 5 ) Chromium, vanadium, tungsten and manga- 
nese do not interfere with this method. When the first 
of these is present, 24 gms. of citric acid will have tp 
be added per gm..of steel 
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EXPERIMENT 28. 

Determination of Nicked in Nickel Steel by the 
Dimethyl Glyoxime Method. 

Principle : — 

When a solution of dimethyl glyoxime is added to 
a faintly alkaline solution of a nickel salt, a voluminous 
red precipitate appears. This is nickel dimethyl 
glyoxime. This is filtered off through a Gooch crucible • 
with asbestos felt, washed free of adhering salts, dried 
in an air oven at ri5-120°C. and weighed. From the 
increase in weight of the crucible the percentage of 
nickel is calculated. 

The reactions are : 

CHjC = NOH CHgC = 

I I 

CH 3 C - NOH CH 3 C 

■f" NiSOj y 

CHgC = NOH CHgC 

I I 

CHgC = NOH CH3C = 

Solutions required 

( 1 ) Dil. HCl of s.g. 1.1. See Experiment No. 13 
( 2 ) Dil. HNO, of s.g. 1.2 Do. 

( 3 ) Dil. HjSO,. Pour 20 ml. cone. H 3 SO 4 into 
90 ml. of water in a beaker. Transfer to a bottle. 

( 4 ) Dilute ammonia s.g. 0.96. See Experiment 11. 

( 5 ) Dilute acetic acid. Pour 35 ml, of glacial 
acetic acid into 66 ml. of water in a bottle, 

( 6 *) 1% dimethylglyoxime solution. Dissolve 1 gm. 

of dimethylglyoxime in 100 ml. absolute alcohol (ethyl). 


NOH 

- NOv 

NNi+HaSOg 
= NO^ 

NOH 
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1 ml. of this will precijrttate 0.002 gm Ni. In the 
absence of ethyl alchol, pute methyl alcohol may 
be used. 

Procedure : — 

Dissolve 1 gm. of steel in a 150 ml. beaker in 30 
ml. of the dil. hydrochloric acid. Oxidize the ferrous 
to the ferric condition by adding 20 ml. of the dilute 
nitric acid. Heat to low bulk, remove from hot plate 
and add 30 ml. of the dilute sulphuric acid. Transfer 
to a 600 ml. beaker. Dilute to 400 ml. Add 5-6 gms. 
tartaric acid, stir until it is dissolved, add dilute ammo- 
nia until faintly alkaline ( test with litmus ) and then 
acetic acid until acid. Raise to a boil and add to the 
boiling solution 25 ml. of the dimethyl glyoxime solu- 
tion. Add ammonia until the liquid reacts alkaline or 
smells slightly of ammonia. Remove from the hot 
plate. Allow to stand for 10 minutes for the precipi- 
tate to settle. Filter through a Gooch crucible which 
has been dried at 120°C. and has a constant weight. 
Wash the precipitate with hot water about half a dozen 
times. Dry in the air oven at 120”C. for an hour. 
Cool in the desiccator and weigh. Repeat drying to 
constant weight. 

Example ; — 

Weight of steel drillings = 1 gm. 

Weight of Gooch crucible with the ) nricn 

precipitate j =16.9050gms. 

Weight of Gooch crucible alone = 1 6.760 gms. 

Weight of the glyoxime precipitate = 0;159 gm. 

1 gm. ofsrample yields 0.159 gm. of the oxime precipitate 
i.e., 1 gm. sample contains 0.159x0.2032 gms. Ni . 
loo gms. sample contain 0. 1 59 x 0.2032 x 100 gis. Ni. 
Percentage of Nickel =3.23 
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Notes : — 

( 1 ) This is a very accurate method and in cases 
of dispute, this method of analysis is adopted. 

(2) Copper and cobalt do not interfere. 

(3) To prevent the precipitation of Fe as Fe (OH)3 
when the solution is made alkaline, tartaric acid is 
added which forms non-ionised iron tartrate and is 
therefore not precipitated by ammonia. As this acid is 
somewhat cheaper than citric acid, it is employed. 

(4) The precipitate is soluble in mineral acids and 
in strongly ammoniacal solutions. To neutralize the 
acid formed when nickel dimethyl glyoxime is precipi- 
tated, addition of ammonia is necessary. 

(5) In place of ammonia, sodium acetate may be 
used to react with the mineral acid formed in the 
course of the precipitation. The acetate must be intro- 
duced before the addition of dimethyl glyoxime reagent. 

(6) The preeipitate of nickel dimethyl glyoxime is 
soluble in 50% alcohol. Hence, the volume of the solu- 
tion from which nickel is to be precipitated must be 
at least 3 or 4 times as large as the volume of the rea- 
gent added. 

(7) The precipitate of nickel dimethyl glyoxime 
sublimes at 250®C. . Hence, the heating must be done 
only at about 120”C. . 

(8) When the percentage of nickel is low, the pre- 
cipitate will have to be allowed to settle for several 
hours before filtration is commenced. 

■(9) Tungsten in small amounts does not interfere. 
When present in large amounts, it must be removed 
as WOg by repeated ev^oration to low bulk, solution 
in dil. HCl and filtraticm and the determination of nic- 
kel then proceeded with. 
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EXPERIMENT 29. 

Determination of Nickel in Nickel Steel by 
Electrolysis. 

Principle : — 

When an ammoniacal solution of nickel sulphate or 
chloride, free from metals which are precipitated by 
HqS in acid medium, is electrolysed, nickel is deposited 
at the cathode. As the iron, separated as Fe(OH )3 
precipitate, does not interfere, the electrolysis may be 
carried out in the solution containing the precipitate. 

Procedure : — • 

Dissolve 0.3 gm. of the sample in 10 ml. of HNO3 
of 1.2 s.g. in a tall form beaker of 150-200 ml. capa- 
city. When dissolved, add 20 ml. cone. HCl, evaporate 
to low bulk and repeat two times more, each time ad- 
ding 20 ml. cone. HCl. Neutralize with NH^OH and 
then add 20 ml. more of cone. NH^OH. Add 3 gms. of 
(NHJa SO4. Dilute to 150 ml. Electrolyse without fil- 
tering off the precipitate of Fe (OH )3 and using the 
current strength shown in the example for the cathode 
of the area specified. Lift the electrodes from the bath 
without breaking the circuit, wash with water, break 
the circuit, and detach the cathode, from the binding 
screw. Wash with alcohol, dry over a spirit lamp 
flame, cool and weigh. From the increase in weight, 
calculate the percentage. 

Example 

Weight of sample 0.3 gm. 

Current strength employed 3.8 amperes. 

Temperature of the bath 25 °C. 

Duration of the electrolysis — 1 hr. 50 minutes. 

Area of the cathode surface 30 sq. cms. 
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Weight of cathode +Nickel deposit= 6.4280 gm.^ 

Weight of cathode =6.4180 gms. 

% of nickel =3.33 

Notes : 

(1) The strength of current required for the given 
cathode area is drawn from the 220 Volt D. C. supply- 
using a lamp-board having several lamps connected 
in parallel and in series. The diagram of connec- 
tions and the power of the lamps used is given 
in Fig. 12. 

(2) Due to the presence of Fe (OH )3 in the bath, 
some is likely to be enclosed by the deposit of metal. 
Mote accurate results can be obtained by dissolving the 
deposit in HNO, and repeating the electrolysis in am- 
moniacal solution, after getting rid of HNOj by repeat- 
ed evaporation with HCl or H 2 SO 4 . 

(3) The completion of the deposition is ascertained 
by repeating i. c electrolysis for 15 minutes longer. If 
the cathode does not show any further increase in 
weight, the deposition is complete. 

The values obtained by the three methods for nic- 
kel on the same sample of steel are ; — 



The Cyanide 
Method 

The dimethyl 
glyoxime 
method 

The Elec- 
trolytic 
method 

Percentage of 

3.23 

3.19 

3.33 

Nickel 


For a full account of the principles of the electrO' 
assay of metals, see Hxperiment No. 43. 





Fig. 12 






161 


EXPERIMENT 30. 


Determination of Cobalt in a Sample of 
Cobalt Steel. 


Principle : — 


When alpha-nitroso beta-naphthol is added to a 
solution containing Gd and Ni, and free from iron, 
copper, titanium, zirconium, vanadium and nitric acid, 
both are precipitated as voluminous red compounds. 
Of these, the precipitate of nickel is soluble in dil. HCl 
while that of cobalt is insoluble. The precipitate is 
filtered off through a filter paper, washed free of acid, 
ignited strongly to € 0,04 and weighed. From the 
weight of the oxide, the percentage of Co is calculated. 

Reagent : — Dissolve 1 gm. of -nitroso / 8 -naphthol 
in 15 ml. of glacial acetic acid. The reagent should be 
prepared fresh each time it is required. Its formula is 


QoHe 


OH 

■NO 


Procedure : — 


Dissolve 2 gms. of the drillings in a 400 ml. beaker 
with 50 ml. of 1.16 s.g. HCl on the hot plate. Add 10 
ml. HNOs ( s.g. 1.2 ) and evaporate until the salts begin 
to separate. Boil with water, transfer to a 500 ml. 
measuring flask, add an emulsion of zinc oxide and 
shake well. Continue the addition of zinc oxide until 
the supernatant layer is milky. Cool to room tempera- 
ture and dilute to the mark. Mix thoroughly and allow 
to settle. Filter through a dry filter-paper into a clean, 
dry 250 ml. measuring flask. Reject the first few ml. 
of the ’filtrate. When the filtrate reaches the 250 ml. 
mark, pipette off 25 ml. into a tall 400 ml. beaker. Add 
7 ml. of cone. HCl and 100 ml. of water. Heat to 
boiling, add 5 ml. of a solution of « nitroso i^-naphthol. 
Stir well. Allow to settle in a warm place fot about 
21 
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2 hrs. Filter hot and wash with dil. HCl ( 1:2 ) which 
is at about 80° C. until the washings show no test for 
Ni. ( Use the dimethyl glyoxime reagent for the purpose. 
Make the filtrate to be tested slightly alkaline with 
ammonia and add a few drops of the reagent. Absence 
of red colour shows nickel has been removed by wash- 
ing ). Wash free of HCl with hot water. 10-12 wash- 
ings will be necessary. Dry, slowly char the paper with 
the precipitate in a porcelain or a platinum crucible 
without allowing the filter paper to take fire arid then 
ignite in a muffle furnace having a temperature of 
1000°C. for half an hour. Cool and weigh. 

Notes — 

( 1 ) The elements that interfere with the method 
are iron, chromium and copper. The removal of the 
two first ( Fe and Cr ) is effected by zinc oxide jwhich 
brings them down as the respective hydroxides. Copper, 
when present, must be first removed by means of HgS. 
The filtrate from the copper sulphide is freed from HjS, 
the iron oxidized to the ferric state and then the preci- 
pitation by means of zinc oxide proceeded with. When 
the percentage of cobalt is about 3-4, it is necessary to 
re-dissolve the ferric hydroxide in dil HCl, repeat sepa- 
ration of cobalt by treatment with zinc oxide, add 
the filtrate obtained to the original filtrate and proceed 
for the cobalt determination with the combined filtrate. 
The other interfering elements are titanium and vana- 
dium. For the method of testing for the presence of 
these, see Chapter XI. 

( 2 ) As the cobalt precipitate is very voluminous, 
small amounts of cobalt only must be used for the 
precipitation. 

( 3 ) The determination of nickel may be made on 
the filtmte by evaporating it to dryness with cone. 



163 


HNOg and fuming with cone. HgSOg and then proceeding 
as described under the determination of nickel by the 
dimethyl gly oxime method. 

( 4 ) The compound precipitated has the formula 
( QoHeONO >3 Co. 

( 5 ) This method serves for the determination of 
cobalt present in small quantities in nickel steel and 
also for the determination of large amounts, 3-5%, 
intentionally introduced in high speed steels. 

( 6 ) The reagent will precipitate nickel also, if 
the solution to which it‘is added does not contain 5% 
HCl. For every 100 ml. of solution from which cobalt 
is precipitated, there should be 5 ml. cone. HCl to 
prevent nickel being precipitated. 

( 7 ) The method'is accurate only when the ignited 
precipitate weighs a few milligrams. For residues 
weighing more, it is necessary to adopt the electrolytic 
method. This need arises from the fact that the ignited 
residue is of unceratain composition. 

The solution for electrolysis is ’ obtained as 
follows: — 

The precipitate of cobalt nitroso-/8-naphthol, washed 
free of the precipitant and acid, is transferred to the 
beaker in which the precipitation was made, 20 ml. 
concentrated nitric acid added and the contents of the 
beaker boiled to destroy the organic matter. 5 ml. 
concentrated sulphuric acid are then added and the 
boiling pontinued until copious fumes of sulphurtrioxide 
are evolved. The solution is cooled and diluted to 
about 100 ml. The solution is made strongly ammo- 
niacal and 3 gms. of ammonium sulphate added. From 
this point the details are the same as those for the 
determination of Ni shown in Experiment No, 29. 
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EXPERIMENT 31. 

Determination of Chromium, Vanadium and 

Tungsten in a Sample of High Speed Steel. 

( Without a Preliminary Separation of Iron ) 

Principle : — On dissolving the sample of steel in 
cone. HCl followed by the addition of cone. HNOg, 
tungsten separates as WOg, chromium remains in solu- 
tion as CrClg and vanadium as vanadyl chloride , of the 
formula VOCl*. The residue of WOg is filtered off 
through pulp filter, ignited, weighed and purified. The 
filtrate containing the chromium and the vanadium is 
evaporated to fumes with conc.H2S04, the residues 
dissolved in water and oxidized by a solution of KMn04 
to H2Cr04 and K VO4. These are determined by titrat- 
ing with standard solutions of FeSOi, ( NH4 )2S04, 
fiHgO and KMnO^ and KgCraO^. 

Reagents required : — 

1. Cone. HCl. 

2. Cone. HNOg. 

'3. Cone. HjSOg. 

4. 4%KMn04 solution. 

5. MnSO*. 

With a view to economise ’ time and material all 
the determintions are made from one weighing of the 
sample only. 

Procedure : — 

Weigh 0.5 gm. sample into a 200 ml. casserole or 
, dish. Add 25 ml, cone. HCl and heat nearly to boiling. 
.Add from time to time a few drops of cone, HNOg 
from a dropping bottle until the steel is completely 
dissolved. When decomposition of the steel is complete 
withwt, die separation of a yellow .residue of WOg, add 
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5 ml. mote of cone. HNOsjCvapotate to dryness, dissolve 
the residue by heating with 30 ml. of 1.1 HCl, add 25ml. 
water and boil for a few minutes longer. Filter through 
a pulp filter. Pulp is prepared by shaking two or three 
ashless filter papers of 11 cm. diameter, torn into very 
small bits, with 40-50 ml. of distilled water in a corked 
Erlenmeyer flask of 250-300 ml. capacity until the 
papers are well macerated. Pour the pulp so obtained 
after the addition of 100 ml. more of water on to a 1 1 rm , 
filter paper fitted to a funnel passing through a cork in a 
filter flask. Alternatively, place in a horizontal position a 
filter-disc of glass or porcelain in a funnel, close the 
bottom of the stem with the finger, pour water until the 
stem is full and the disc is covered. Then add pulp, 
allow the water to run out, press pad with flattened 
glassrod and proceed. Wash with 1 : 10 HCl until free 
from iron, using suction. Reserve filtrate for the 
determination of chromium and vanadium. Dry the filter 
paper, transfer to a platinum crucible and ignite at a 
dull red heat. Cool in a desiccator and weigh. The ignited 
residue consists of the following: — WO,, SiO,, FcgO, 

and CrjO, ( -A )• To free the residue from 

SiOj, moisten it with a few drops of 1 : 3 H^SO,, add 
about 5 ml. of HF and heat on the hot plate in a fume 
chamber with a good draught. When dry, expel the H, 
SO 4 by heating the crucible to a dull red at the top. When 
no more SO, fumes escape, cool and weigh. This 
weighing represents the weight of the following —WO,, 
Fe,Og, and Cr,08. (B). To obtain the weight of WO,, 
proceed as follows: — Add 3-4 gms of pure NajCO, 
and a few milligrams of tartaric acid to the residue in 
the crucible and fuse either over a Bunsen burner or 
at the mouth of a mufHe furnace until the WO, is com- 
pletely dissolved. Cool. Remove cake from the crucible 
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by light pres8ure-by totating between the palms. Digest 
it with 100 ml of water in a porcelain basin until no hard 
lumps remain. Filter through 7 cm. paper. Wash until the 
washings are free from alkali. Test with phenolphthalein. 
Ignite the paper with the residue in a platinum crucible 
and weigh. This weight ‘C yields the amount of Fe, 
0»-t-Cr,0g present in (B). ‘C subtracted from ‘B’ 
yields the weight of WO* from which the^of W is 
calculated. 

Notes: — 

(1) A 5 to 10 gm. sample will - be required for 
determining small percentages of tungsten. If tungstic 
acid separates before the decomposition of the steel is 
complete, not only is the acid thus separating contamin- 
ated with too large an amount of FegO, and Cr^Og but 
the decomposition of the steel itself is incomplete 
and therefore correct results for tungsten cannot be 
obtained. Hence the addition of cone. HNC» must be 
gradual and must be made in small quantities only at a 
time until the steel is completely decomposed. 

(2) The object of evaporation to dryness is to 
dehydrate the silicic acid which is also formed along 
with the tungstic acid. 

(3) Filtration through pulp using suction is rapid 
and the tendency of the tungstic acid to creep 
to the edges of the filter paper is entirely prevented 
thereby. 

(4) The evaporating basin or casserole used has a 
ring of yellow which is removed as follows: — ^Dtop 
pieces of filter paper moistened with NH* OH on to the 
dish when it has been thoroughly washed. Wipe the 
yellow stain due to tungstic acid with the paper. Add 

pieces to the main precipitate of WOs in the 
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cfucible. WO is an acid readily dissolving in ammonia. 
On ignition NH^, escapes leaving behind WO^. 

(5) Ignition of WO* residues at temperatures above 
800®C. leads to loss, as WOg begins to volatilize at 
temperatures higher than this. 

( 6 ) The addition of a few milligrams of tartaric 
acid to NajCO^ provides a reducing atmosphere, pre- 
venting the formation of NajCrO^. If the tartaric acid 
were to be omitted, some NaaCr 04 , will be formed and 
the amount of Cr will have to be determined from the 
filtrate either by titration with 0*05 IVT FeSO^, ( NH^ )j 
SO 4 , 6 HjO or by colorimetry. Both the operations will 
consume time. The reducing fusion recommended 
above obviates the necessity for such a step, as all the 
Cr, present as CraO originally, remains in the same 
condition after fusion and is therefore easily allowed 
for. Tartaric acid decomposes on heating into CO 2 , 
CO and C. These furnish a reducing atmosphere. 

(7) Where very great accuracy is needed, the 
filtrate must be evaporated to dryness a second time, 
redissolved in 1 : 1 HCl, boiled and filtered through a 
separate filter paper with pulp. The two residues 
are then dried and ignited as described above. This 
procedure becomes necessary on account of the faet 
that both WOj and SiOg remain in solution to a slight 
extent after a single evaporation. The slight amount 
must be recovered by filtering off the major portion of 
the acids which separate after a single evaporation to 
dryness-, evaporating the filtrate again to dryness and 
again redissolving and filtering through a second paper. 
Repeated evaporations alone without removing the 
major portion of the acids namely, WO, and SiO,, by 
filtration are of no use. 
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. (8) Both W and Si form volatile fluorides. To 
retain W, it is necessary to add a few drops of HaS 04 
previous to the addition of HF. 

(9) If molybdenum is present in the sample of steel, 
some of it will contaminate WO^. The amount conta- 
minating it is determined from the filtrate obtained by 
filtering off the extract of the fusion with NajCOg and 
PlgC 40 g. 

(10) When only tungsten is to be determined, the 
second evaporation to dryness may be dispensed with 
and the following procedure adopted:-- Add to the fil- 
trate 1 gm. of cinchonine hydrochloride dissolved in 10 
ml. of 1:1 HCl or 0.5 gm. of the base (cinchonine) dis- 
solved in 20 ml. of l.T HCl. Heat for half an hour at 
about 95 °C. and filter. Wash with a very dilute solution 
of cinchonine hydrochloride (1 gm. of substance in 990 
ml. of water and 10 ml. of 1 : 1 HCl) until free from 
iron. Ignite. Cool and weigh as tungstic acid (WO^). 
Add the weight obtained to that obtained by igniting 
the main residue i. e., to ‘B minus C*. 

(11) When sodium tungstate solution is evapora- 
ted to dryness with HCl the following reaction does 
not proceed to completion : — 

NajWO, + 2HC1 — ^ 2NaCl+HaO+WOB 

The tungstic acid that separates is contaminated 
with sodium meta tungstate and the tungsten cannot 
therefore be accurately determined by igniting the resi- 
due and weighing it. But if a solution of cinchonine 
hydrochloride is added to the acidified solution of 
sodium tungstate and the mixture heated to boiling, the 
tungstic acid separates in a pure condition. This can be 
filtered off, ignited and weighed. Cinchonine hydro- 
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chloride has the formula C, 9 Hg, 0 N,.HQj 2 H 20 . Its solu-r 
bility is 4.5 gms. per 100 ml. of water at room tem- 
perature. 

Determination of Chromium and Vanadium 
from the Filtrate : — 

Procedure : — Evaporate the filtrate from the im- 
pure tungstic acid in a casserole with 6 ml. cone. Hq 
SO 4 to dense white fumes. Cool. Cautiously dilute 
with water to about 1 50 ml. Boil and transfer to a 600 • 
ml. beaker. Add 4 %KMn 04 solution from a pipette 
drop by drop until the liquid is pink decidedly and 
continues to be so on 5 minutes’ boiling. Add a few 
milligrams at a time of MnS 04 until the pink colour 
is destroyed and only a brown precipitate remains. Cool. 
Filter through a Gooch crucible with asbestos-layer and 
wash 10 times with hot water. Transfer the filtrate to a 
600 ml. beaker. Cool to room temperature. To the 
cold filtrate add 20 ml. of normal sulphuric acid and 
tun from a burette standard ferrous ammonium sul- 
phate until the liquid is green and then 10-20 ml. in 
excess. Test for excess on the spot plate with a solu- 
tion of potassium ferricyanide, ( 0.1 gm. of the salt in 
50 ml. water). Run from a burette standard KMn 04 
until the liquid is pink and remains so for a minute. 
If KMnO^ and FeS 04 , (NHJ 2 SO 4 , OHgO solutions are 
exactly 0*05 N, then the number of ml. of the former 
subtracted from that of the latter is a measure of the 
amount of chromium in the sample. To determine the 
vanadium which is, at this stage, present in the solu- 
tion as vanadic aied, proceed as follows : — 

Add 20-25 ml of the same standard ferrous ammo- 
nium sulphate solution, as was used for the determina- 
tion of chromium, to the beaker. Test for the presence 
of excess with a solution of potassium ferri.cy^de. 

22 
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Use the spot plate. Tittate excess with 0.1 N KiCr,0,. 
The following example will make cleat the process of 
calculation for chromium and vanadium : — 


Weight of steel taken 


0.5 gm. 


Volume of 0*05 N FeS04 used : Burette Reading : — 


Final 50.0 ) 
Initial 0.0 > 


50.0 ml. 


Volume of 0.05 N KMn04 used : 


Final 31.0 
Initial 0.0 



ml. 


Volume of 0.05 N FeSO^used to react-with ) ^9 q 
the chromic acid formed from Cr in the steel, i 


1 litre of 0.05 N FeSO.^ is equal to 1 litre of 0.05 N 


HgCrO^ (i.e.) chromium. 


6 X 20 

Therefore 19 ml. 0.05 N FeSO^ 


2x52x19 

6x20x1000' 


-gms. Cr 


2 X 52 X 19 

0.5 gm. steel sample contains ^ Cr 

^ ^ 6x20x1000^ 


100 gms. 


2x52x19x200 


gms. Cr 


” 6x20x1000 

that is 3 28Z Cr. 


The determination of vanadium is proceeded with, 
using the titrated solution, V being present in it as 
HsV 04. Make up the solution to 500 ml. in a measur- 
ing flask. Divide into two parts. Titrate one part. 

Volume of 0.05 N FeSO^-Burette readings : 

Final 12.4 
Initial 1:5 

10.9 ml. 

Volume ofKj|Crj,0| used — Burette readings Final. .19,9 

Initial. .10.0 
9,9ml. 
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Titration values to find the strength of KaCrjO, 

0.05 iV FeSOd KaCrg Oy 

14.8 ml 15.0 ml. 

Hence 15 ml. of KjCraO^ =14.8 ml. 0.05 JVFeSO^ 
9.9 ml „ =14.8x9.9/15.0 ml. 

= 9.8 ml. 

Amount of 0.05 N FeSO, added=10.9 ml. 

Excess found =9.8 ml. 

Therefore, volume of 0.05.^” FeSO^ used to reduce 
vanadic acid =1.1 ml. 

1 litre 0.05 Af FeSO^ =1 litre 0.05 N 

=51/20 gms. V. 

1.1 ml. 0.05NFeSO. - 

0.25 gm. steel contains „ „ „ 

100 gms. „ 51x1.1 x4x 100/20X lOOgm. V. 

that is . 1.12%V. 

Alternatively, the following procedure may be 
adopted for the determination of vanadium : — 

Make up the solution, left after the determination of 
chromium is finished, to 500 ml. in a measuring flak. 
To 250 ml. of the solution add with constant stirring 
approximately 0.1 iV ferrous sulphate solution from 
a burette until it is present in excess. This is indicated 
by testing with the external indicator, potassium 
ferricyamde. Add 3-5 ml. in excess. Add about 10 ml. 
of a freshly prepared 10%solution of ammonium persul- 
phate . and stir vigorously. Add 0.03 N potassium 
permanganate solution from a burette until a pink 
colour persisting for about a minute is obtained. 

1 ml. 0.03 AT KMnO, =0.00153 gm. V. 

The principle of the above is based on the fact that 
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in cold solutions, ammonium persulphate is without 
effect on chromium, i. e., it does not oxidize it from the 
trivalent to the hexavalent state. Nor does it oxidize 
vanadium from the tetra to the pentavalent state. It, 
however, oxidizes the ferrous to the ferric state. 

The above procedure can be adopted only after the 
elimination of tungstic acid in the manner described. 

The end-point obtained may be made more sharp 
by the addition of about 5-10 ml. of phosphoric acid 
which suppresses the colour due to ferric salts. 

This method of determination of vanadium has been 
introduced in recent years and is very rapid. 

The reactions involved in the determination of 
chromium and vanadium may be expressd as follows} — 
2 HaCrO,+6FeSO,+6H2SO,— >Cr,(SOi)3+3Fea(SOj3+8HaO 

2 HV 0 „+ 2 FeS 04 ) — > 2 V 0 S 04 +Fea (S04\+4H,0 
+3H3SO4 » (Vanadyl sulphate) 

1 0 VOSO4 + 2 KMn04 + 1 2H20^ 1 OH VO3 + K2SO4 

+2 MnS04+7H2S04 

Notes : — 

(1) The oxidation of vanadium from the tetravalent 
to the pentavalent state by potassium permanganate takes 
place very readily at 70°C. At room temperature, the 
oxidation is slow. Hence the permanganate solution 
should be added with constant stirring and the end 
point should be taken as reached only when the pink 
colour does not fade within a minute after the same is 
apparently reached. 

(2) When there is any difficulty experiened in 
bringing the steel into solution in hydrochloric and 
nitric acids as described, dilute sulphuric acid 1:3 should 
be used along with orthophosphoric acid. Add at the 
ate ^ ml. per gm. steel. 
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(3) A blank should be run to allow for the number 
of drops of standard permanganate required to impart 
a color of the same intensity as in the run. The chromium 
sulphate solution is green and to obtain an easily 
discernible pink color indicating the completion of 
oxidation of vanadium, it would require a few drops of 
the standard solution of potassium permanganate. In 
view of the small percentages of vanadium ordinarily 
present in steel, and in view of the need for an accurate 
determination of the same, it is necessary to ascertian 
this blank and allow for it. 

Procedure : — 

Boil the solution which is left after determining 
vanadium, for about 10 minutes. This decomposes the 
excess permanganate. Cool to room temp. Now 
add the same standard permanganate solution until 
a pink color of the same intensity as in the actual 
run is obtained. Subtract the number of ml. from the 
volume already added and then calculate the vanadium 
content. 


EXPERIMENT 32. 

Determination of Vanadium in Steel (Alternative 
Method based on a preliminary separation of 
Iron and Chromium. ) 

Principle : — 

When the sample is dissolved in a mixture of HCl 
and HNO3, the vanadium passes into solution as vanadyl 
dbloride. The other metals present in the steel are 
changed to chlorides. The latter are precipitated as 
hydroxides, while the former remains in solution as 
sodium hypovanadate, when the solution of the 
steel is poured into sodium hydroxide solution. The 
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precipitated hydroxides are filtered off. The filtrate 
containing V as sodium hypovanadate (Na^VaO,) is 
neutralized with HCl, oxidized and treated with Pb 
(€3113-02)2 when a precipitate of basic vanadate of lead 
approximating in composition to the formula, 2Pb2V2- 
Oj, PbO, is obtained. This is filtered off and ignited. 
The ignited residue, on treatment with HaSO^, yields 
PbSO^ which is filtered off. The filtrate contains the Vas 
HgVO^. This is reduced to VgOa (SO^)2 by SOg, the 
excess SO2 expelled by boiling, and the V2O2 (S04)a 
oxidized to HgVO^ by standard KMnO^. The number 
of ml. of std. KMnO^ measures the Smount of V in 
the sample. 

Procedure : — 

Dissolve 1 gm. of the sample in HCl and HNOg 
exactly as described under ‘Procedure’ in Expt. 31. 
Filter off the tungstic oxide. Evaporate the filtrate to 
about 15-20 ml. Treat with 10,-^ NaOH solution until 
the excess acid is neutralized. Test with litmus paper. 
Transfer the neutralized solution to a tap-funnel. Run 
this solution a little at a time, into a dish containing 10 
gms. NaOH dissolved in 100 ml. water. Stir well 
while adding. Wash the tap-funnel two or three times 
with water. Run the washings into the dish. Filter off 
the hydroxides of Fe, Cr, Ni, and Mn. Wash the preci- 
pitate and paper two or three times with water. 

Dissolve the precipitate of hydroxides on the filter 
paper in HCl. Repeat the above process of running the 
solution into NaOH solution. Filter. Add a few drops 
of methyl orange and neutralize by the careful addition 
of dil. HCl. Add drop by drop 0.2 iV-KMnO, until the 
pink color fades very slowly. Add 20 ml. of 4% lead 
acetate solution and 20 mL of 35% ammonium acetate 
solution. Boil and digest on the hot plate for half 
an hou£. . 
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Filter off the precipitate of basic pyro-vanadate of 
lead through paper pulp (see Expt. 31), wash with 
water, dry and ignite at a low temperature in a porcelain 
crucible until the paper with pulp is ashed. 

Treat the cold ignited residue in a beaker with 
10 ml. cone. HCl and a few drops of cone. HNO3. 
Boil until dissolved. Add 5 ml. cone. H^SO^ and 
evaporate to strong fumes in a Pyrex glass beaker. 
Cool. Pour into 50 ml. of water in a second beaker. 
Rinse the original beaker well with water and transfer 
the rinsing to the second beaker. Filter off the>lead sul- 
phate. Collect the filtrate in a 300 ml. Erlenmeyer 
flask. Add 5 ml. of sulphurous acid solution. Boil 
until the excess of SO^ is expelled. Test by passing the 
gases evolved into acidified KMn 04 of 0.01 N strength. 
For this purpose, fit the Erlenmeyer flask with a two- 
holed cork carrying glass-tubing bent at right angles. 
COa is bubbled through the solution by means of one 
of the tubes. The exit gases pass through the other. 

Take 2-5 ml. of dil. HaSOi (1 : 10) in a test tube. 
Add a drop of 0.01 N KMnO^ to it. Pass the steam 
evolved in the Erlenmeyer flask into the solution. If the 
pink color does not disappear in the test tube, the solu- 
tion in the flask is free from SO,. Titrate when at about 
70®C. with 0.01 normal KMnOj. 


Example and Calculation : — 


Weight of sample taken = 1 gm. 

Volume of 0.01 JV-KMnO^ required=20. 7 ml. 

T ml. 0.01 N-KMnO^ =1 ml. 0.01 normal VjO^ 


51 1 V 

100 ^ 1000 ® 

51x20.7 y 

100x1000 ^ 


20.7 ml. 0.01 N-KMnO«= 
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Percentage of vanadium = 


51x20.7x100 

100x1000 


= 1.055 


Notes : — 

(1) The separation of vanadium from Fe, Cr, Ni 
and Mn is complete only when the solution of steel is 
run into alkali hydroxide solution. If the alkali solu- 
tion is added to the solution of the steel sample, a pre- 
cipitate of basic ferric hypo-vanadate will be formed, 
which it is dfficult to decompose by excess of NaOH 
solution added subsequently. 

(2) Double precipitation of Fe, 5Ji, Cr, and Mn 
is necessary to recover the V which is occluded by the 
hydroxide precipitates. 

(3) The addition of a few drops of KMnO^ is 
to oxidize vanadyl chloride to vanadic acid, the 
precipitation of V by lead acetate being complete only 
when it is present as vanadic acid. 

(4) Ammonium acetate prevents the formation of 
insoluble lead chloride along with pyrovanadate of lead. 

(5) On evaporation to fumes with H^SO^, the igni- 
ted pyrovanadate of lead yields HjVO*, which is solu- 
ble and PbSOo which is insoluble. The sulphate is fil- 
tered off. 


(6) The reactions which take place when HgV 04 is 
reduced with SO. and KMnO. oxidizes the reduced 

2 fl 

solution, are as follows : — 


aH.VO^+SO.+H^SO, — > 2V0S04+4H,0 

10VOSO,4-2KMnO4 1 lOH.VO^+K.SO 

-l-22H,0 ; +2MnS04+7H,S0^ 

( 7 ) The composition of the precipitate of basic 
«piHKEQyanadate of lead depends on the conditions. As 
hoti^.re difficult to control to a nicety, the precipitate 
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is of vlrying composition. Hence it is not possible to 
get the percentage of V by igniting the same and 
weighing it. 

( 8 ) Molybdenum when present in small quantities 
does not interfere with the method. On the addition of 
lead acetate it is precipitated as lead molybdate. When 
this is heated to fumes with HaS 04 , M 0 O 3 is obtained. 
The reduction in strongly acid solution of small 
amountsr of MoO, by SOj does not take place. When 
Mo is present in large amounts and the solution is 
slightly acid, its reduction, however, will take place and 
the results for V will run high. In that case proceed 
as follows : — 

To the mixture of H 3 VO 4 and H 3 M 0 O 4 add ammonia 
until alkaline. Suppose the volume of the solution 
is 50 ml. Add 1 gm. tartaric acid. Shake until dis- 
solved. Add 2 ml. concentrated H 3 SO 4 . Pass HgS for 10 
minutes. Filter off the molybdenum sulphide. Pass HjS 
into the filtrate to test for the completeness of precipita- 
tion. Evaporate the filtrate to fumes with cone, sul- 
phuric acid. This process destroys tartaric acid. Dilute 
with water. Add 4% KMn 04 solution until pink. Reduce 
with SOg. Boil off the excess SOg, pass a current 
of COg to drive out the last traces of SOg. Titrate 
with 0.03 N KMnOi. Tartaric acid addition prevents 
the precipitation of vanadium as sulphide along with 
molybdenum. 

EXPERIMENT 33. 

Determination of Molybdenum in Steel* 

( Absence of Vanadium and Tungsten. ) 
Principle : — 

When the steel sample is dissolved in a mixture of 
HQ and KQO,, MoOg ( molybdenum hcxachloride ) 
23 
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is formed. By pouring the solution of steel codltaining 
this into sodium hydroxide solution, sodium molybdate 
is formed and the iron is thrown down as Fe( OH )g. 
This is filtered off. The filtrate is acidified with HCl 
and the molybdic acid is precipitated as PbMoO^ by 
the addition of Pb ( C^HgO, % and NH^CaHaOo. The 
precipitate is allowed to settle, filtered off through pulp 
filter, dried, ignited and weighed. From the weights of 
steel taken and PbMoO^ obtained, the percentage of 
molybdenum is calculated. 

Solutions required , 

( 1 ) Approximately 2 N NaOH solution. Dissolve 
20 gm. NaOH in 250 ml. water. 

( 2 ) Lead acetate solution. Dissolve 1 gm. lead 
acetate in 25 ml. water. 

( 3 ) Ammonium acetate solution. Dissolve 8 gms 
of the salt in 25 ml. water. 

Procedure : — 

Dissolve 2 gms. of the steel in a 250 ml. beaker in 
20 ml. cone, hydrochloric acid. Add 1 gm. KClOg.. 
Dilute to 100 ml. with water. Boil until all the chlorine 
gas is expelled. Add solution No. 1 until most of the 
free acid is neutralized. There should not appear any 
precipitate. Transfer the solution to a tap-funnel. Take 
150 ml. of solution No. 1 in a 500 ml. beaker and heat 
to boiling. Run from the tap-funnel the iron solution 
into the hot caustic soda solution, keeping the latter 
stirred during the addition. Rinse the tap-funnel, twice 
with iO ml. water. Run the rinsings into the caustic 
soda solution. Make up to 500 ml. with water. Note 
the temperature of the contents of the 500 ml. flask. 
Filter hot through a 15 cm. dry filter paper. Collect 
the f^trate in a 250 ml. measuring flask. When a little 
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above ^the mark, note the temperature of the filtrate. 
Bring it to the one noted in the case of the contents of 
the 500 ml. flask by keeping it in a hot water bath. 
When of the correct temperature, draw oflF the liquid 
above the mark by a pipette and throw away . Transfer 
the contents of the 250 ml. flask to a 600 ml. beaker. 
Neutralize with concentrated hydrochloric acid. Add 
1 to 2 ml. in excess. Boil. Add 15 ml. of solution No.2 
and 20 ml. of solution No. 3. Heat to boiling. Let 
stand for about 20 minutes and then filter through pulp. ■ 
Wash free of chloride. Transfer filter paper with residue 
to a porcelain crucible. Dry at the mouth of a muffle 
furnace. Push gradually into the interior when dry. 
When perfectly white, cool in a desiccator and weigh. 

Results and Calculation : — 

Weight of steel = 2 gms. 

Wt. of steel from which Mo was precipitated=l gm. 

Wt. of crucible+PbMoO^ = 12.4368 gms. 

Wt. of crucible = 12.4066 gms. 

Wt. of PbMo 04 = 0.0302 gms. 

Mo% = 0.85 

Procedure when Tungsten and Vanadium are 
present : — 

The method described above requires modification 
when tungsten and vanadium are also present in the 
steel. After solution in HCl and HNOg, the former is 
separated as WOg by two evaporations to very low 
bulk. The separared tungstic acid is removed, after the 
addition of 30 ml. cone, hydrochloric acid, followed 
by 20 ml. water, by filtration. Vanadium is not elimi- 
nated by this means. It accompanies the molybdenum 
and is precipitated along with the latter as. a^ basic 
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vanadate of lead. The piecipitate is ignited and when 
cold treated with cone, sulphuric acid. Lead is thrown 
down as PbSO,. After dilution and settling, this is 
filtered off. The filtrate contains the molybdenum and 
the vanadium as molybdic and vanadic acids. 

Principle of Separation of VgOg from M0O3 : — 

When into a hot solution of the mixed acids 
containing 5% sulphuric acid by volume (5 ml. cone. 
HgSO^ for every 100 ml. of soln.) hydrogen sulphide is 
passed, M 0 S 3 separates as a brown precipitate, the V 
remaining in solution. The precipitate is filtered off 
through a Gooch crucible packed with asbestos, ignited 
until SO 2 ceases to come off, cooled and weighed 
as M 0 O 3 . 

Procedure : — 

Neutralize the filtrate from WO 3 containing M 0 O 3 and 
VgOg by means of ammonia until faintly smelling of it. 
Add 20 ml of 2 ^ 1 ' sulphuric acid (1 ml. cone, sulphuric 
acid in 50 ml. water). Dilute to 200 ml. Heat to boiling. 
Pass hydrogen sulphide until cold. Filter through a 
Gooch crucible. Wash with 2|^% sulphuric acid saturated 
with hydrogen sulphide. Ignite and weigh. From 
the weight of M 0 O 3 , calculate the percentage of 
molybdenum. 

The ignition of molybdenum trisulphide to oxide is 
best carried out in an electric muffle furnace whose 
temperature can be very carefully controlled. It must 
be measured by means of a pyrometer and must not 
exceed 525 °C. Above this temperature, molybdenum 
trioxide is appreciably volatilized. 

When molybdenum is present in small amounts, the 
following colorimetric method is adopted : — 

Principle of the IVIethod 

When to a solution containing molybdenum in the 
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quinquevalent stage, a solution of potassium thiocyanate 
is added, a btown or red color is formed, depending 
upon the amount of molybdenum present. As the 
procedure for dissolving the sample yields molybdic 
acid in which molybdedum is hexavalent, it is necessary 
to add a reducing agent which will reduce molybdenum 
to the quinquevalent stage. The reducing agent employed 
is a solution of stannous chloride. In this method, the 
ferric chloride present is also reduced by the stannous 
chloride solution to colorless ferrous chloride and there 
is therefore no masking of the colour due to the 
molybdenum compound. 

The masking of the colour, however, due to the 
presence of chromium, if any, must be allowed for by 
adding to the standard solution of molybdenum a 
like amount of chromium in the form of chromium 
sulphate. 

The intensity of colour is influenced by temperature, 
acidity of the medium, and the amount of stannous 
chloride. It is therefore necessary to maintain them the 
same in both the standard and the sample. The colour 
tends to fade on standing. Therefore the comparison 
should be made immediately after the addition of 
potassium thiocyanate solution. 

Solutions required : — 

(1) Nitric-Sulphuric Acid for solution of the sample. 

Nitric acid S.G. 1.20 , . 833 ml. 

Sulphuric acid ( 1:1 ) . . 167 ml. 

(2) Sulphuric-Hydrochloric acid, the medium in 
which the color comparison is made. 

Sulphuric acid ( 1:1 ) . . 450 ml. 

Hydrochloric acid ( s.g. 1.12 ) . . 100 mL 

Water ... 150 ml. 
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(3) Ferric sulphate solution for mixing with the 
standard sodium molybdate solution. 


Ferric sulphate . . 70 gms. 

Hydrochloric acid ( 1:1 ) . . 120 ml. 

Sulphuric acid ( 1:1 ) .. 500 ml. 

Water . . 380 ml. 


(4) Chromium sulphate solution. 

50 gms. of chrome alum are dissolved in 100 
ml. of sulphuric acid ( 1:1 ) and 200 ml. of 
water and the solutionis heated until the' purple 
color changes to green. The solution is then 
diluted to 1000 ml. , 

(5) Stannous chloride solution. 

Stannous chloride (SnCla, 2HgO) ... 350 gm. 
Hydrochloric acid ( 1:1 ) ... 200 ml. 

Water freshly boiled and cooled to make 1000 ml. 
Metallic tin 2—3 gms. 

The stannous chloride is weighed into a 500 ml. 
conical flask, the dilute add added and the mixture is 
boiled gently until the salt is in solution. The warm 
solution is transferred to a glass-stoppered bottle of 
1 litre capacity which contains the boiled and cooled 
water. Tin is added in small pieces and the bottle kept 
stoppered. Note that this solution is much stronger than 
the solution used in Experiment 10. 

(6) Standard Sodium Molybdate solution. 

Sodium molybdate (Na 2 Mo 04 , 2 H 20 ) 1.2604 gm. 
Sulphuric acid (1:1) . . 10 ml. 

Water . . 990 ml. 

Introduce about 600 ml. water into 1 litre measuring 
flask and 10 ml. of the sulphuric acid. Dissolve the 
weighed amount of molybdate in the measuring flask. 
When dissolved make up to the mark and mix thprou- 
ghly. I ml. of this sblution=0.0016 gm. molybdenum. 
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The value of the standard in terms of molybdenum 
should be ascertained by putting 100 ml. of the solution 
through the Jones Reductor described in the next expe- 
riment, i.e.. Experiment 34. 

(7) Pota;ssiun thiocyanate ( also called potassium 
sulpho cyanide) 5% solution in water. 

Procedure when copper and chromium are absent 

Weigh 0.5000 gm. sample into a 200 ml. casserole. 
Add 10 ml. of the nitric-sulphuric acid mixture. Heat 
over a mush-room top burner and evaporate until strong 
fumes of sulphur trioxide are evolved. Cool. Add 30 
ml. of sulphuric-hydrochloric acid and heat gently until 
the soluble salts are in solution. Cool to room tempe- 
rature. Filter oflF the silica, if any, through a close 
grained filter-paper. Wash the residue with hot water. 
Evaporate the filtrate to low bulk, about 30 ml., cool 
and transfer to a colour comparison tube. Introduce 
into a similar comparison tube a volume of ferric sulph- 
ate solution containing approximately the same amount 
of iron as the sample and 10 ml. of the standard sodium 
molybdate solution. Add 5 ml. of the 5% solution of 
potassium thiocyanate from a burette to each of the 
tubes and mix well. Next add from a burette 10 ml. 
of stannous chloride solution to each of the tubes. 
Dilute the more strongly coloured solution with dilute 
sulphuric acid (1:7) until the colours match. 

Method of Calculation : — 

Suppose 0.5000 gm. sample was taken and 10 ml. 
of the Standard molybdate solution were used and that 
the colours matched when the standard solution was 
diluted to 100 ml. and the sample to 30 ml. 

10 ml. of standard solution contain 10x0.0005 
gm. Mo. . , 
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This weight of molybdenum is present in 100 ml. 

Each ml contains = O.OOOOSgm.Mo. 

30 ml. (sample) contain. . . 0.0015 gm. Mo. 

0.5 gm. sample contains 0.0015 gm. Mo. 

Hence 100 gms. contain 0.30 gm. Mo. 

Modification of procedure when copper is present 

The principle on which the modification is based is 
that molybdenum thiocyanate is soluble in ether whereas 
ferrous and cupric chlorides are almost insoluble. 

To the solutions in the colour tubes add 5 ml. of 
ether and mix well for 5-10 seconds. Compare 
the colours of the lighter ethereal layer floating 
on the top. Dilute the darker coloured layer with 
further additions of ether until the colors match. 
Calculate as before. 

A more accurate procedure, particularly with larger 
percentages of molybdenum than 0.1, consists in treating 
the standard and the sample solutions with ether 
in a separating funnel provided with a glass stopper 
and drawing o£F the heavier layers and rejecting them. 
Only the lighter layer is used for the comparison of 
colour. For greater accuracy the treatment with ether 
of the heavier layer should be repeated. 

Butyl acetate has also been used for dissolving the 
red coloured compound of molybdenum oxythiocya- 
itate. Its use has the advantage that its boiling point 
is 126.5®C. as against 34®C. for ether, an important 
consideration in tropical climates like India. For the 
purpose of diluting fhe more strongly coloured solution, 
butyl acetate must be used as when using ether. The 
butyl acetate used must be prepared fresh each day as 
follows: Shake 250 ml. of the butyl acetate with 25 od. 
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of the stannous chloride and 5 ml., of the potassium 
thiocyanate solutions in a separating funnel, draw 
off the lower layer and discard the same-. Use the 
upper layer. 

Modification of procedure wlten Chromium 
is present : — 

Bring the sample ( 0.5000 gm. ) into solution by 
treatment with 50 ml. dilute sulphuric acid (1:3) in a 
200 ml. casserole. Oxidize with 2-3 gm. of ammonium 
persulphate. Boil for 10 minutes with 3 ml. of dilute 
hydrochloric acid. Maintain the volume at about 30-40 
ml. by additions of distilled water. Cool to room 
temperature. Transfer to a colour comparison tube and 
proceed exactly as described on page 183, the only 
modification being the addition to the standard molyb- 
denum solution in the comparison tube a volume of. 
chromium sulphate solution which contains the same 
amount of chromium as the sample under test and of 
ferric sulphate solution which contains the same amount 
of iron as the sample under test. 

EXPERIMENT 34. 

Determination of Molybdenum in Steel 
Containing Tungsten and Vanadium. 

Alternative Method. 

Principle : — 

Tungsten is separated as tungstic acid (WO 3 ) by solu- 
tion of the steel in a mixture of hydrochloric and nitric 
acids followed by evaporation to low bulk. The tung- 
stic acid is then filtered off. Molybdenum and vanadium 
remain in solution as MoOj and vanadyl chloride. When 
this solution is passed through a column of amalgama- 
ted zinc granules, both are reduced, the former to Mo*Oi 
ind the latter to V^O^. These are again oxidized ba^ 
24 . * 
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to MoOg andVaOgby standard potassium permanganate. 
The determination of each separately is based on the 
non-reducibility of MoOg by SO, in a solution stron^y 
acid with sulphuric acid. Thus when a mixed solution 
containing MoOq and V,0, and strong sulphuric acid 
is treated with sulphurous acid, only VjOg is reduced to 
VjO^. This is oxidized back to VjOg by standard potas- 
sium permanganate solution. If ‘n’ and ‘m’ are the num- 
bers of ml. of decinormal potassium permanganate used 
in the two cases, then the amount of V=m‘x 0.0051 
gms. , and the amount of Mo =(n-3m)x 0.0032 gm. 

Solutions and Reagents required : — 

(1) 2 ^% sulphuric acid. Pour 

5 ml. concentrated sulphuric acid in 
275 ml. of water contained in a ^ ^ 

400 ml. beaker. 

(2) 150 gms. of granulated ^ 

zinc. Heat zinc rods to about 200®C. 
and powder them in a steel mortar. 

The powder should pass through 
a 20 mesh sieve but should be 
retained by a 30 mesh sieve. 

(3) Dissolve 7 gms. of iron 
ammonium alum in 100 ml. of 
Solution No. 1. 

(4) Dissolve 2.5 gm. of mer- 

curic sulphhate in 25-30 ml. of 
Solution No. 1. F ^ 

Preparation of tlie Jones Reductor: — 

The reductor is shown in Fig. 13. 

Pot use it is got ready as follows : 

Pack ignited asbestos on the 
perfotated filter disc *D* to a thick- fit*'** 

ness of 5-6 nun. Shake 150 gms. of the powdered zinc 
wit4 solution No. ‘4. Wash the amalgamated zinc several 
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times with water. Transfer the amalgam to tl^ redactor 
tube so as to obtain a uniform distribution of the same 
and so as not to pack the same tight at any point. Fill 
the tube completely with water. 

Procedure ; — 

Proceed exactly as described in Experiment 32 until 
the excess of SO^ has been expelled and the solution 
is shown to be free from sulphur dioxide as shown 
thereunder. Titrate at 70°C. directly with dectnormal 
potassium permanganate solution. Let ‘m’ ml. be requ- 
ired. Dilute the solution which has been titrated, with 
water, so that it contains 2-^% sulphuric acid. Introduce 
into the bottle F, shown in the sketch, 25 ml. of 
Solution No. 3 and run the solution containing molyb- 
denum and vanadium in the oxidized form through the 
reductor, taking care not to allow air to pass through, 
keeping the reductor top always full of liquid. Next 
run 100 ml. of Solution No. 1. Follow this up with 100- 
150 ml. water. Disconnect the flask and titrate with 
decinormal potassium permanganate solution. Let ‘n* 
be the number of ml. of decinormal KMnO^ required. 
From the equation given above, calculate the molybde- 
num and the vanadium separately. 

Blank : — 

Occasionally a blank should be run to determine 
the purity of the reagents. If the zinc is pure, not more 
than 0.2 ml. of decinormal potassium permanganate 
should be consumed. 

Notes : — 

(1)' As the reduced solutions are readily oxidized 
by contact with atmospheric oxygen and by the oxygen 
of the air present in the filter flask in which the mix- 
ture of reduced solution collects it is necessary to 
absorb daem in a solution of ferric sulphate. This gets 
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teduced to ferrous sulphate in oxidizing molybdenum 
and vanadium to M0O3 and respectively. The 

mixture of FeS04 and VgO^ is later titrated by decinor- 
mal potassium permanganate solution. The ferrous 
sulphate formed is slow in undergoing atmospheric 
oxidation, and, under the conditions of the experiment, 
the amount so oxidized is negligibly small. 

(2) The following will make clear why the num- 
ber of ml. of 0.1 -iV potassium permanganate solution 
required for the oxidation of vanadium, obtained in 
the first part of the experiment, i.e., by reduction 
with sulphur dioxide, is multiplied by 3 and then 
a deduction made from the volume of the same 
potassium permanganate solution used in the second 
part of the experiment for obtaining the percentage 
of molybdenum. The oxidation in the first case is 
of the compound Vj,04 to VgOg. In the second case, 
the oxidation is of the compound VgOa to VgOs. 
The latter change will obviously require for the same 
weight of vanadium three times the volume of 
0 . 1 -N potassium permanganate as is required for the 
former change. 

(3) Though the oxidation of VgOg to V3O5 is not 
brought about directly by pota'ssium permanganate, in 
efiect it is the permanganate that acts as the oxidant. 
The ferric alum oxidizes V2O2 to V2O4 and in this pro- 
cess gets reduced to ferrous sulphate. The ferrous sul- 
phate and the vanadyl sulphate (from V2O2) are ultima- 
tely oxidized to ferric sulphate and vanadic acid by 
potassium permanganate. The reactions that take place 
may be represented by the following equations : — 

3Fei,(S04)3 + MoaCSO^), + fiHgO— > 

2 HaMo 04 + 6 HaS 04 + 6 FeS 04 

2Fea (804)3 + .VaOa 4 FeS 04 + VaO, (804)3 
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SVaOa (SOJ 2 + 2 KMn 04 + 22HaO — ^ 

10H8VO,+2KHSO,+2MnSO4+6HaSO, 

(4) The inlet and outlet tubes passing through 
the cork in F enable suction to be applied whenever 
required. 

(5) The Jones Reductor Method is also available 
for the determination of iron, titanium and uranium in 
ores and metallurgical products. 

Precautions in the use of the Jones Reductor 

(1) When not in use, the top must be kept covered 
with water. Omission to do this is said to result in the 
formation of hydrogen peroxide, which oxidizes the 
reduced compounds and vitiates the accuracy of the de- 
termination. This same precaution should be observed 
during a run i.e., the liquid in the enlarged 5" column 
at the top must not be allowed to fall below the point 
C. ( See Fig. 13. ) 

2. When the zinc particles pack, the reductor 
should be emptied and only the larger particles used 
for recharging. 

3. The zinc may be amalgamated by running a 
little of mercuric’ sulphate solution through the reductor. 

EXPERIMENT 35. 

Determination of Copper in Steel 

Principle: — 1 he sample of steel is brought into solu- 
tion in hydrochloric acid, sulphuric acid or, in a mixture 
of hydrochloric, nitric and sulphuric acids. The solution 
freed from nitric acid by fuming to SO 3 is treated with 
hydrogen sulphide or sodium thiosulphate to separate 
the copper as copper sulphide. The sulphide is purified 
from molybdenum and the copper finally determined 
by the ‘Iodide Method* which is described in 
EKperiment 59. 
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Solutions required : — -Same as in E^enment 13. 
S^datd Solution Required: Sodium thiosulphate solu- 
tion. Dissolve 5 gms. in 1000 ml. water and stock in an 
amber-colored bottle. Fix its strength in terms of 
copper, after it has aged for two weeks, using electro- 
lytic copper for standardization exactly as described 
in Expt. 41. 

Procedure : — The procedure depends upon whe- 
ther or not the following elements are present in the 
steel along with copper : — ( 1 ) Tungsten and ( 2 ) 
Molybdenum. 

Case I. Tungsten only is pi^esent. 

Use a 5 gm. sample and proceed as described in 
Experiment 31, using proportionately larger quantities 
of acid mixture for solution. Carry through until a 
iiltrate free from tungstic acid is obtained. Add 20 ml. 
of sulphuric acid ( 1 : 1 ) to the filtrate which is con- 
tained in a casserole and evaporate to fumes of sulphur 
trioxide. Dissolve the dry mass in 10 ml. of sulphuric 
acid (1:1) and 50 ml. of water. Filter off any silica 
that may have separated, collecting the filtrate in a 600 
ml. beaker. Dilute to 300 ml. and heat to boiling. To 
the boiling solution add 50 ml. of a solution of sodium 
thiosulphate containing 24 gms. in 50 ml. water. Conti- 
nue boiling for 5-10 minutes by which time the coagu- 
lation of the precipitated copper sulphide will be com- 
plete. Filter off the sulphide, wash it free of iron salts 
using very dilute sulphuric acid (1 : 10 ) saturated with 
hydrogen sulphide. Ignite the precipitate and paper in 
a porcelain crucible at a dull red heat. Cool. Dissolve, 
with the aid of heat, the ignited oxide in 5-6 ml. dilute 
qitric acid (1:1) added to the crucible. Transfer the 
solution to a 200 mi. conical flask ( preferably a conical 
beaker ), rinse the crucible two or three times with 
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water and transfer the rinsings to the flask. Dilute with 
water to a volume of about 100 ml. . Add ammonia 
( s.g, 0.90 ) cautiously until a permanent blue colour 
forms. Next add dilute acetic acid ( s.g. 1.04^i) until the 
blue colour disappears and a pale-green solution results. 
Add to this, when cold, 1-2 ml. glacial acetic acid, 2-3 
gms. of potassium iodide and shake until the latter 
dissolves. Add from a burette standard sodium thiosul- 
phate until a pale yellow colour is seen. Then.add 5 ml, 
starch solution. Destroy the blue colour by further 
additions of sodium thiosulphate from the burette. 

1 ml. sodium thiosulphate solution=0.00128 gm.Cu. 

Case II. Tungsten and Molybdenum are both 

absent. 

Procedure : — Dissolve 5 gm. sample in a casserole 
in 70 ml. of a mixture of acids obtained by mixing 
40 ml, of dilute nitric acid of S.G. 1.2 with 30 ml. of 
dilute sulphuric acid of S.G. 1.2 Evaporate to 
fumes. Cool. Dissolve in 10 ml. dilute sulphuric acid 
(1:1), with the aid of heat, dilute with warm water 
to about 60-75 ml. . Filter off Si02 and collect the filtrate 
in a 600 ml. beaker. From this point proceed by adding 
50 ml. of strong sodium thiosulphate ( 50% ) solution, 
boiling, filtering and finishing as described under Case I. 

Case III. Tungsten and Molybdenum are both 

present. 

The filtrate from the tungstic acid obtained in Case 
I is proceeded with in exactly the same manner as 
described thereunder until the ignited residue, consis- 
ting of copper oxide and molybdenum oxide, with 
traces of ferric oxide, is obtained. Heat the residue in 
the crucible - with 2-3 ml. concentrated hydrochloric 
acid. Transfer the solution to a beaker of about 200 
ml. capacity. Add a solurion of sodium hydroxide to 
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the contents of the beaker until the iron and the copper 
are precipitated. Boil. Filter. Ignite the residue in a 
porcelain crucible. Cool and weigh. The residue is 
dissolved in concentrated hydrochloric acid and the 
iron is precipitated as hydroxide by ammonia and this 
is filtered off, ignited and weighed. The weight of the 
iron oxide is subtracted from the total weight of oxides 
thus obtaining the weight of copper oxide. From this 
the percentage of copper is calculated. 

Notes : — 

( 1 ) The iodide method for the determination of 
copper' is applicable only when interfering metals like 
iron in the trivalent condition and molybdenum and 
tungsten in the hexavalent condition, are eliminated. 
The procedures described have for their object such 
elimination. 

( 2 ) The chlorides of iron, copper and moly- 
bdenum when treated with sodium hydroxide solution 
yield the hydroxides of iron and copper as precipitates, 
molybdenum remaining in solution as sodium molyb- 
date. The precipitates of iron and copper hydroxides 
are dissolved in HCl and the solution when treated 
with excess ammonia yields iron hydroxide as preci- 
pitate while copper remains in solution. Instead 
of the mothod of obtaining copper by diffe- 
rence as described under Case III, the copper may 
be determined iodimctrically from the ammoniacal 
solution. 

EXPERIMENT 36. 

Determination of Aluminium in Steel 
Introductory : — 

. Aluminium is introduced in all classes of steel as a 
deoxidhser, the percentage so introduced being of the 
order of 001%. In steels meant for surfacethardening. 
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by the nitriding process, it is present to the extent of 
1*5 to 1’75%. Such steels contain molybdenum also as 
an alloying element. 

Principle : — 

When a solution containing ferrous sulphate and 
aluminium sulphate is carefully neutralized with a 
solution of sodium bicarbonate, aluminium gets preci- 
pitated as the hydroxide while a very large part of the 
iron remains in solution. The precipitate is filtered off, 
dissolved in hydrochloric acid and then the aluminium 
is precipitated as aluminium phosphate, the medium 
being maintained acid with acetic acid by the addition 
of ammonium acetate. To avoid contamination by 
iron, manganese, chromium, nickel, etc., which will be 
precipitated as phosphates, separation by sodium hydro- 
xide is resorted to, prior to precipitation of aluminium. 
The aluminium phosphate precipitate is filtered off, 
washed free of sodium and other salts, ignited and 
weighed. From the weight of the phosphate, the 
percentage of aluminium is calculated. 

Procedure : — 

Use a 10 gm. sample in the case of ordinary steels, 
and a 2 gm. sample in the case of nitriding steels. For 
solution, use dilute sulphuric acid (1:9) at the rate 
of 10 ml. per gram of sample plus 10 ml. extra. Weigh 
out the sample into a 300 ml. Etlenmeyer flask, add 
the acid, cover with a cover glass, heat gently imtil 
everything is in solution. Dilute with 100 ml. of distil- 
led water. Add an 8% solution of sodium bicarbonate 
from a burette until the acid is neutralized and a perma- 
nent precipitate forms. Add 4 ml. more of the bicar- 
bonate solution at this stage. Shake well. Allow the 
precipitate to settle for a few minutes. Filter off the 
precipitate. Wash it 4 or 5 times with water. Discard, 
the Mtrate and the washings. Dissolve the precipitate 
25 
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©a the filter-paper in hot dil. HCi ( 1 : 1 ) by pouriag 
k repeatedly on the paper. Wash the same with water: 
Reserve the solution. Ignite the paper with the 
residue in a platinum crucible. Fuse the ignited residue 
consisting of alumina, which was originally present in 
the metal, with 3-4 gms. of potassium pyrosulphate. 
Add the melt when cold to the hydrochloric acid 
solution of the hydroxide precipitate. 

Add 2-3 ml. of SOg water, boil the solution for 4 
or 5 minutes and then add 3-4 ml. of cone, nitric acid. 
Neutralize the solution with a 10% solution of sodium 
hydroxide. Transfer the neutralized 'solution to a tap- 
funnel and slowly run this solution into a beaker con- 
taining 50-80 ml. of the 10% solution of NaOH. Boil 
for 3-4 minutes to coagulate the precipitate. Filter off 
the precipitate consisting of the hydroxides of iron, 
chromium, titanium, nickel, etc.. Wash the residue 
with a 1% solution of NaOH until the aluminium in 
the form of the soluble sodium aluminate is com- 
pletely carried down into the filtrate. Neutralize the 
filtrate with dil. HCI (1 : 1) and add 5 ml. in excess. Add 
lO-ml. of a 10% solution of diammonium hydrogen phos- 
phate. Stir in macerated filter paper. One of 1 1 cm. dia. 
No. 40, Whatman brand will do. Add 0.1 ml. of a 0'02% 
solution of methyl red indicator. Make just ammoniacal 
by the careful addition of ammonium hydroxide ( S.G. 
096 ). The solution will turn yellow when ammoniacal. 
Add dropwise dil.HCl ( 1 : 20 ) until just acid. The 
solution will turn red when the medium is acid. Now add 
20 ml. of a 20% solution of ammonium acetate^ raise 
to a boil and maintain at the boiling temperature for 
about 5 minutes. Allow the precipitate to settle for 
1-2 hours. Filter off the precipitate using a 11 cm dia. 
Whatman No 40 paper. Wash the residue with a 5 % 
jumaofiium nkrate until free from chlorides. 
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Slowly bum the filter paper with the precipitate in a 
porcelain or platinum crucible until the paper is burnt 
and then ignite at 1000®C. to constant weight. Cdcu- 
late the percentage of aluminium. 

Notes : — 

( 1 ) Dilute HaSO^ used for dissolving the sample 
dissolves all the constituents present in steel except 
aluminium oxide. This residue is brought into solu- 
tion by the fusion treatment with potassium pytosul- 
phate. ‘ 

( 2 ) The addition of sulphurous acid is for the 
purpose of reducing any chromic acid that may be 
present in solution. This reagent will reduce any iron 
present in the ferric condition to the ferrous condition. 
The subsequent precipitation of iron by NaOH requires 
that it should be present in the ferric condition. The 
addition of nitric acid brings about the oxidation of 
iron from the ferrous to the ferric iron. 

( 3 ) The precipitation of aluminium as phosphate 
having the formula AlPO^ having no more of PgOj 
than is represented by this formula is secured only under 
the carefully controlled condition regarding acidity 
which has been indicated. . 

( 4 ) The addition of paper pulp helps the washing 
of the ppte. . 

( 5 ) The precipitate has a tendency to decrepitate 
on ignition. The heating should therefore be gradual* 

(6) In case the percentage of aluminium exceeds 
one, the precipitate consisting of the hydroxides of 
iron,' chromium, manganese, nickel, etc. should be 
dissolved in HCl and the hydroxides re-precq>itated by 
adding the solution dropwise from a t^funnel to 
100 ml. of NaOH solution. The ppte. is filtered off 
aod t^ filtrate combined with the original fiJiacate. 
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The alternative procedure of keeping iron in the 
ferrous condition and thereby preventing the co-preci- 
pitation of iron as ferric phosphate has been found by 
the’ chemists of the U. S. Bureau of Standards to have 
the drawback that the SOj from NagSaO,, used for 
reduction, has a slight solvent action on the aluminium 
phosphate formed, leading to lower results. 

EXPERIMENT 37. 

Determination of Titanium in Steel. 

Introductory : — Titanium is introduced in steels in 
the form either of ferrotitanium or aluminium-titanium 
for deoxidation. Its introduction has tiie advantage that 
the titaniumdioxide formed has not the hardness that 
the aluminium oxide has, which is formed when 
aluminium is used as a deoxidizer, and therefore machi- 
ning of parts deoxidized with titanium is easier. 
Principle : — 

When hydrogen peroxide is added to titanium sul- 
phate, a yellow colour develops. This is due to the 
formation of pertitanic acid. The intensity of the colour 
produced is matched with that from a known amount 
"of titanium sulphate solution similarly treated with 
H,0,. 

The determination therefore resolves itself into the 
preparation of titanium sulphate solution, starting from 
the sample of steel. This is dissolved in hydrochloric 
acid and sodium chlorate. Titanium goes partly in- 
to solution and partly remains as a residue. This is 
filtered off and ignited. Call this residue *A*. The 
filtrate is treated with ammonia, iron being' kept 
in the ferrous condition by treatment with sodium 
diiosulphate. The precipitate obtained is filtered oS. 
This precipitate is mixed with *A*, ignited ici a 
•platinum crucible tmd subjected to treatment with H,- 
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SO4 and HF. The residue left is fused with NagCOg 
and NaNO,, the fused mass extracted with* water and 
filtered. The residue is treated with HgSO^ and this 
solution contains all the titanium in the form of tita- 
nium sulphate. This-is made up to 100 ml. in a 100 ml. 
graduated flask and aliquot portions are taken for 
treatment with HjO, and for [the comparison of the 
colour with that obtained from a known volume of a 
standard solution of titanium sulphate similarly treated. 
Solutions required : — 

1. Standard Titanium Sulphate Solution : — 

Fuse 0.5000 gm. of pure titanium dioxide with 
5 gms. of sodium bisulphate in a platinum crucible 
covered with lid for 20-30 minutes at a dull red heat. 
Cool to room temperature. Dissolve melt in 100 of dil. 
H9SO4 of s.g. 1.2. Make up the solution to 500 ml. 
in a 500 ml. graduated flask, using H,S04 of the same 
density for diluting and making up to the mark. 
Preserve in a stoppered bottle. 

In the absence of pure titanium dioxide, the follow- 
ing may be used: 

(a) Potassium fluotitanate of the formula K, Ti Fg, 
H4O : — Weigh 2-7 gms. of the salt into a platinum dish, 
evaporate three times to copious fumes with cone. H,- 
SO4. Each time use about 30-35 ml. of the acid. After 
the final fuming, cool to room temp, and pour slowly 
into one litre measuring flask containing about 800 ml. 
of dil. HaS04 of s.g. 1-2. Cool to room temperature 
and dilute with water to the mark. Transfer the solu- 
tion, to. a glass-stoppered bottle after rinsing it two times 
with the solution. 

(b) Alternatively, potassium titanium oxalate may 
be used. It has the formula KgQ04, TiOC,04, 2HOa. 
'Wei^ into a 500 ml. flask 3*70. gms. of the pure air- 
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dried salt. Add 8 gms. of ammonium sulphate and 100 
ml. of cone. HgSO^. Heat gradually to boiling point 
and maintain boiling for 10 minutes. Cool to room 
temperature. Add the solution to 700 ml. of dil. H,- 
SO4 of s.g. 1.2 contained in a 1000 ml. graduated flask. 
Rinse the flask 3 or 4 times with dil. HgS04 of the- 
same s.g., transfer the rinsings to the graduated flask and 
make up to the mark. Stock in a stoppered bottle. 

Whichever reagent is used, for the preparation of 
the standard solution, its value per ml. in terms of Ti02 
must be fixed as follows : — 

Pipette off 50 ml. of the solution into a 600 ml. 
beaker. Dilute to 200 ml. with water. Heat to boiling. 
Add ammonia of 0’96 s.g. until there is an excess of 
2-3 ml. Filter off the precipitate, wash 3 or 4 times 
with hot water, ignite in a platinum crucible at about 
IISO^C., cool and weigh. Divide the weight of TiOa 
by 50 to get the value per ml. of the solution. 
Procedure : — 

Dissolve 5 gms. of the sample contained in a 600 
ml. beaker in 100 ml. of dil. HCl of s.g. 1‘1. When 
solution is complete and no more effervescence is seen, 
add 100 ml. of a 3% solution in water of sodium chlo- 
rate, and boil for 10 minutes after the above addition. 
Filter off the residue and wash it 3 or 4 times with dil. 
HQ (1 : 1), collecting the filtrate and the washings in 
a 750 or 800-ml. beaker. Reserve the residue ‘A’. 

Add to the filtrate NH4OH of s. g. 0*96 until a 
faint flocculent precipitate is formed. At this stage the 
solution should react acid to litmus paper. Add 3 ml. 
of cone. HCl, dilute with water to 300 ml. and add 100 
cgil. of a 30% solution of sodium thiosulphate. Raise to 
a boil and maintain at the boiling temperature for 10 
i^utes. Filter off the precipitate and yash it with hot 
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water. Call this precipitate ‘B*. Transfer this with thtf 
paper to a platinum crucible and add to this the residue 
‘A’ along with the filter-paper. Slowly char the papers 
and finally ignite at the full heat of a Teclu burner. 
Cool. Add 1 ml. of 1 : 1 HgSO^ and 3-5 ml. of H F. 
Heat on the hot plate until SiOa is volatilized and 
fumes of SOg are evolved. Heat in a muffle furnace so 
that HF is driven off and the sulphates are decomposed 
completely. Cool to room temp. . Add about 1 gm. of 
Na^COg and 0*2-0’3 gm. of NaNOg and fuse over a' 
Teclu burner flame for 5 minutes. Cool. Extract with 
boiling hot water and filter off the residue of sodium 
meta titanate, *wash it free of the following salts : — 
sodium molybdate and sodium vanadate, < using water 
as wash liquid. Discard the filtrate and the washings. 
Ignite the residue in a platinum crucible and fuse it 
when cold with 2-3 gms. of potassium pyrosulphate. 
Cool. Extract with dil. HgS 04 of s.g. T2 and make up 
the solution to 100 ml. in a 100 ml. measuring flask. 
Pipette off 10 ml. into a colour comparison tube, add 
3-6 ml. of 3% HgOj. Similarly treat 1 ml. of the stan- 
dard titanium sulphate solution confined in a second 
colour comparison tube with 3-5 ml. of the same HgO,. 
Dilute the one which has a stronger colour with water 
until the colours are matched. 

Notes ; — 

1. As pointed out under the heading ‘Principle’, 
the manipulative details described above have for their 
object tfie recovery of the small amount of titanium in 
the undissolved residue and addition of the same to the 
larger amount present in the solution of the steel sample 
in HCi; 

2. The intensity of the colour due to pertitanic" 
add is very much aflected by the presence of <x)m- 
poundis of vanadium, molybdenum, etc.. These elements 
are eliminated by ccmverting them into water<-8okd5le 
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sodium vanadate and sodium molybdate by fusion with 
Na,CO, and NaNO,. 

3. Fusion with K^COj and KNOg will yield pota- 
ssium titanate which, tmlike sodium metatitanate, is 
soluble in water. The object being the separation of 
■titanium from vanadium and molybdenum, fusion with 
Na^COg and NaNOg is adopted. 

4. The presence of even very small amounts of 
H F intereferes with the intensity of the yellow colour. 
Therefore in preparing the standard solution and the 
sample solution, great care is taken to expel HF. 

EXPERIMENT 37 A. * 

Determination of Titanium in Steel. 

Alternative Method. 

Introductory : — 

To shorten the time taken for the determination by 
the method described in Expt. 37, the following method 
involving the use of the reagent ‘cupferron’ has been 
introduced. This is a short name for the compound 
having the formula CgHgN. NOONHg. This is known 
as the ammonium salt of nitrosophenyl hydroxylamine 
The following scheme indicates how this compound is 
related to hydroxylamine : — 

NHg OH -4 CgHg NHOH — > QHg N. NOOH 
Hydroxylamine Phenyl hydroxyl Nitrosophenylhydr- 
amine oxyl amine 

QHg N. NO. ONHg ( CgHg N. NO O \ Ti 
■Ammonium salt of Titanium salt of nitroso 

nitrosophenyl hydroxylamine. phenyl hydroxylamine. 

Principle : — 

The steel sample is dissolved in dil. HCl. The stro- 
ngly add Sfdution which may contain the chlorides of 
dbromiucog aluminium, nickel, manganese, vanadium. 
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molybdenum besides those of iron and titanium, is 
treated with a water solution of cupferron. Iron and 
titanium get precipitated. These are filtered off, ignited 
in a platinum crucible and fused with potassium pyro- 
sulphate. The melt is dissolved in dil. HjSO^ and the 
solution treated with HgOj. The intensity of the yellow 
colour produced is matched against that given by a 
standard solution of titanium sulphate. From the 
volume of the standard solution, the percentage of 
titanium is calculated. 

Solutions required : — 

( 1 ) Standard Titanium Sulphate Solution : — Same 
as in Expt. 37. 

( 2 ) Cupferron Solution. — Dissolve 2 gms. of the 
salt in 35 ml. of water. The reagent does not keep well 
and should be prepared as required. 

Procedure ; — 

Weigh 0*5 to TO gm. sample of the steel into a 400 
ml. beaker. Add 100 ml. of dil. HCl (1:4), cover and 
heat gently until action ceases. Cool the solution to 
about 10-1 5®C. and add dropwise the cupferron solu- 
tion, which has been freshly prepared, with constant 
stirring until the precipitate assumes a reddish brown 
colour. The titanium compound with cupferron is 
yellow, while that formed by ferric iron is red. The 
ferrous salt does not form a precipitate but there is 
always ferric iron in a solution of the steel sample 
giving the red- coloured precipitate with the cupferron 
reagent. When the red- colour appears, stop the .addi- 
tion ’of the reagent. Stir in ashless filter-paper pulp into 
the mixture containing the precipitate. Filter off the 
ppte. through an 11 cm. dia. rapid filter-paper. Wash 
the ppte. and paper with cold dil. HCl (1:9) 10-12 
times. Transfer the paper with the ppte. to a large si?c 
26 • ■ 
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platinum crucible. Slowly char the paper and ignite at 
about 500®C. Cool. Add 1 gm. of potassium pyrosul- 
phate to the ignited residue and fuse over a Bunsen 
burner flame for 5 minutes. Cool. Dissolve the cold 
melt in dil. HjSO^ (1:5) and transfer to a 100 ml. 
graduated flask. Rinse the platinum crucible 3 or 4 
times with the same dil. make up to the mark 

with dil. HaS04. Mix thoroughly. Use 20 ml. of the 
solution for colour comparison. Add 2-3 ml. of HjOa 
and then 3 ml. of HjPO^. The comparison tube contai- 
ning the standard solution must approximately have 
the same amount of H3PO4, K2SO4, H2O2, acid, etc., 
as the solution from which the amount of titanium is to 
be determined. 


Notes : — 

1. The colour due to ferric sulphate must be 
suppressed by the addition of H8PO4. 

2. The fusion with KgSgO, results in the formation 
of KgS04. This has the effect of decreasing the inten- 
sity of the yellow colour. This tendency will be present 
to the same degree in the standard solution by the 

addition of like amounts of KgS04 and other reagents 
as in the sample. 

(3) If copper is also present in the steel sample, 
proceed as follows Dissolve 0.5 to 1 gm. sample in 
30 of dil H.SO4 (1 : 9). Filter off the insoluble 
residue. Call this residue R,. Cool the filtrate to about 
. ^d precipitate Ti with cupferron. Filter off the 

at a temperature 
IS residue Rg contains the titanium which 
was present in the original filtrate. ^ 

foU<^sT-r''“ 

Add 50 ml, of hot water and ammdnia ( s.g. 096 ) 



until it is in excess. Heat to boiling and filter. Wash 
the paper and precipitate with hot water. Bum off 
the paper and add the ignited residue to Rg and deter- 
mine the titanium colorimetrically by fusion of the 
mixed residues with K 2 S 2 O, and treatment with H 2 O 2 . 

The interference due to the presence of vanadium is 
overcome as follows : — 

Transfer the ignited cupferron precipitate to a plati- 
num (hsh, add 5 ml. of HF and 10 ml. of HCIO 4 
and evaporate to a volume of 2-3 ml. Add 50 
ml. of water and an excess of ml. of 10% NaOH 
solution. Boil for several minutes and filter. Wash the 
residue with water. Ignite the paper with the residue. 
Fuse with K,SgO, and determine the titanium from 
the melt . 

Note: H 20 a gives a brown colour with HjVOg 
and thus masks the yellow colour due to pertitanic acid. 

EXPERIMENT 38. 

Determination of Arsenic in Steel. 
Introductory : — 

This element is not intentionally introduced in 
steel. In some pig irons this is present, having found 
its way into the iron from the ore and/or coke. This 
determination is not carried out as part of the routine 
analysis of steels. But it is carried out for purposes 
of investigation of the effect of arsenic on mechanical 
and other properties of steel. 

Principle : — 

The sample is dissolved in HNOg. The excess of 
it is ’ expelled by evaporation to fumes with HgSO* 
The arsenic acid formed is reduced to arsenious acid 
which is converted into arsenious chloride by liberal 
addition of HCl. The chloride is distilled off and the 
distillate absorbed in water. Hydrolysis takes place 
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and the arsenious acid formed is oxidized to arsenic 
acid by a standard solution of iodine. From the 
volume of iodine solution consumed, the percentage 
of arsenic is calculated. 

Solution Required : — 

Standard Iodine Solution ( Approximately 0.01 N ) 
Iodine 1*3 gms. 

Potassium Iodide 10*0 gms. 

Water 1000 ml. 

Dissolve the potassium iodide in about 100 m). water 
contained in a litre measuring flask. Add the iodine to 
the solution of potassium iodide. Shake until completely 
dissolved. Dilute with water and make up to the mark. 
Fix the strength of the iodine solution against O'Ol 
N arsenious acid prepared as follows : — Dissolve 0’66 
gm. of arsenious acid in 1 -litre measuring flask in 30 
ml. of a 30% solution of sodium hydroxide. Add HCl 
of s.g. I’l until acid. Test with litmus paper. Cool to 
room temperature.. Add a saturated solution of sodium 
bicarbonate so that the acidity due to HCl is destroyed 
and there is surplus quantity of the bicarbonate solution. 
A small quantity remaining undissolved at the bottom 
indicates excess. Pipette oflF 20 ml. of the arsenious acid 
into a 250 ml. conical beaker. Add 5 ml. of starch 
solution ( See Expt. 19 ) to the contents of the beaker. 
Introduce from a burette the iodine solution until a blue 
colour is obtained. Ihe reactions taking place during 
the titration are ; — 

ASa 03 -|- 2 Ia+ 2 Ha 0 ASaOs+4HI. 

To prevent the reaction indicated by the lower 
arrow from taking place, it is necessary to maintain the 
medium alkaline with sodium bicarbonate. No sodium 
carbonate or sodium hydroxide should be present. 



Procedure : — 

Dissolve 10 gms. of the steel sample in a 600 ml. 
beaker in 150 ml. of dil. HNOg (2 : 1), added in small 
quantities at a time to prevent frothing up and conse- 
quent loss. If inadvertent addition of all the quantity 
of acid at once leads to violent action, moderate the 
vigour by placing the beaker in a trough of cold water. 

Add 50 ml. cone. H^SO^ and evaporate to dense 
white fumes. Cool. Rinse the side of the beaker with 
a jet of cold water to carry down any small amounts 
of nitric acid. Evaporate a second time to fumes. 
Cool. Dilute with water to about 50 ml. Transfer the 
solution to a 1 litre round-bottomed flask fitted up as 
shown in Eig 14. Introduce 30 gms. of FeS 04 or 
CujCla and 100 ml. cone. HCl. 

Distil off the arsenious trichlo- 
ride at a temp, not exceeding 
1 07 "C., absorbing it in a beaker 
of cold water. When 100 ml. 
have distilled olF, withdraw the 
beaker. Introduce 50 ml. more 
of cone. HCl and continue the 
distillation until 50 ml. more 
have come over as condensate, 
this being led into the same 
beaker as before. Withdraw 
the beaker. Atld sodium bicar- 
bonate until the acid formed 
by hydrolysis is neutralised and 
there is an excess of it left as 
solid at the bottom. Cool to 
room temp. Add 5 ml. of the starch solution and 
add the standard iodine solution from a burette until 
a blue colour is obtained. 

1 ml. 0.01 N Iodine = 0‘000375 gm. As, 
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Notes : — 

(1) HCl or H2SO4 must not be employed for solu- 
tion of the steel sample, as arsenic may pass oflF 
as arsine ( arsenuretted hydrogen ). Solution in HNOg 
yields arsenic acid of the formula H3ASO4. 

(2) Fuming with HjSO^ expels the HNO,. 

(3) FeSO^ or CujClg reduces arsenic acid to 
arsenious acid. 

(4) Sodium hypophosphite or hypophosbporous 
acid may be substituted for FeS04 or CU2CI3. 

(5) Distilling flasks and other parts are preferably 
provided with ground-glass joints to avoid vitiation of 
results by arsenic from the rubber-tubing connections, 
rubber-corks, etc. . Pure rubber-tubing must be 
employed when parts with ground glass joints are not 
available. 

(6) A blank should be run for any arsenic that 
may be present in the reagents and in the glass vessels 
used. For this purpose, it is advisable to run the 
blank run first. Introduce 30 gms FeS04 Cu»Q* 
into the distilling flask. Add 100 ml. of the cone. 
HCl to be used in the assay and 100 ml. of water. 
Distil at a temp of 107® C. Absorb the condensate 
in water in the beaker. Repeat the distillation, after 
adding 50 ml. more of HCl. When 50 ml. more 
of the distillate have collected, cool, add the contents 
of the beaker, to the first distillate, add sodium 
bicarbonate until there is an excess. Undissolved 
solid at the bottom of the beaker indicates an excess. 
Add 5 ml. starch solution and then iodine sofution 
( 0-01 iV ) until a blue colour appears. Subtract 
this volume of iodine solution from that consumed 

in an actual run on tlie sample of steel and then 
calculate^ 
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EXPERIMENT 39. 

Determination of Nitrogen in Steel 

Introductory : — In recent years the determination 
of gaseous inclusions has assumed very great impor- 
tance. Those determined are nitrogen, hydrogen and 
oxygen. Freedom from the last is taken as an indication 
of quality. Nitrogen introduced in certain classes of 
steels by the cracking of ammonia gas passed over 
them maintained at temperatures of 400-500®C. imparts 
great surface hardness. The determination of the 
amount so introduced has therefore assumed impor- 
tance. 



Principle: — 

When the steel sample is dissolved in HCl, the nitro- 
gen present in it is converted into ammonium chloride. 
This is subsequently treated with sodium hydroxide 
and the ammonia liberated is distilled off. The gas is 
absorbed in a measured excess of a standard solution 



208 


of HgSO^ . The excess is determined by titration with 
O'Ol AT-NaOH. From the volume of acid used up, and 
the weight of sample taken, the percentage of nitrogen 
is calculated. 

When the amount of nitrogen present is small, of 
the order of O' 02^, a colour method is employed. 

Special Solutions Required : — 

1. 3Z NaOH solution. 

2. Nessler’s Reagent: Dissolve 35 gms. of K1 in 200 
ml. of water in a 1000 ml. pyrex beaker. Add 200 ml. 
of a cold saturated solution of HgCl 2 to the iodide solu- 
tion. Shake well. To this mixture add with constant stir- 
ring and in small quantities at a time the same saturated 
solution of mercuric chloride until a faint turbidity 
results. Next add 120 gms. of caustic soda and 
stir until dissolved. Dilute with water to about 1000 
ml. Let stand for a day. Decant off the clear solution 
into a glass-stoppered bottle and preserve for use in a 
room free from ammonia and other fumes. 

The reactions taking place are : — 

HgClg+2Kl— >HgIgX+2KCl 
Hgla+KI-^KHgls 

2 KHgl 3 1 -NHpH l-NaOM— ^2KI+NH2Hg2l8 1 

H NaH-2H20'^ 

3. Dissolve 0.0382 gm. of ammonium chloride of 

A. R. quality in 100 ml. of distilled water ( free from 
ammonia) in a 1000 ml. measuring flask and make up 
the same to the mark by adding ammonia-free distilled 
water. . . 

Procedure : — 

Dissolve 1 gm. of the sample in 20 ml. of dil. HCl 
(1:1) in a 300 ml. conical flask with the aid of heat, using 
a water-bath for the. purpose. Cool to room temperature. 
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Pure the solution, when cold, into a distilling flask of 
the type shown in Fig. 15 a and containing 300 ml. 
of 3% NaOH solution. Fit up the apparatus as shown 
in the figure and distil for a period of 40 to 50 minutes 
receiving the distillate in C. In case the apparatus shown 
in Fig. 15a is not available, that shown in Fig. 15b 
may be substituted. 

Case I. The sample contains small percentages of 
nitrogen, being of the order of 0‘02%. Transfer the 
distillate in C to a colour comparison tube. Pipette off 
2 ml. of the Nessler Reagent into this tube. Mix well. 
To a second ♦colour comparison tube forming a pair 
with the first one, and containing ammonia-free distilled 
water, add 2 ml. of the Nessler Reagent and then the 
standard ammonium chloride solution from a burette. 
Mix well after each addition. Compare the colours. 
Continue adding ammonium chloride solution until the 
colours match. As the full colour takes about 15minutes 
to develop, it is best to finish off the comparison only 
after the tubes have stood for this length of time after 
mixing the solutions. 

Example and Calculation : — 

Weight of steel sample 1 gm. 

Volume of standard NH 4 CI solution 10*0 ml. 

Bulk of solution in the tube with Std. solution 
40 ml. 

Bulk of solution in the tube gQ 

containing the sample 

% Nitrogen = O'OOOOl x 10 x 80 x 100-^40 
* ■ = 0-02 

Case II. Nitrogen is present to the extent of 0*05 
to 1-75%. 

Collect the distiU^ite ip C containing 50 ml. of 0’02 
27 ■ ■ . 
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N-H 2 SO 4 . Distil for 40-50 minutes. After this interval, 
pass the distillate into a test-tube containing Nessler 
Reagent to see if ammonia has ceased to come off. 
In case there is no more ammonia evolved, titrate the 
excess of 0-02 N-HaS 04 against 0*02 N-NaOH, using 
methyl red as indicator. The appearance of a yellow 
colour marks the end of the reaction. 

Notes : — 

(1) Ammonia-free distilled water required for 
t-his experiment is obtained by redistilling the distilled 
water of the Laboratory with caustic soda solution. 
The first portions of the distillate are discarded ; the 
later portions only are used. 

( 2 ) Caustic soda solution free from ammonia 
may be made either by dissolving caustic soda of A. R. 
quality in distilled water and distilling the same until the 
distillate gives no test for ammonia with Nessler’s 
reagent or it may be prepared by adding sodium metal 
to distilled water which is then boiled for 10 minutes 
or until the distillate from the solution gives no test for 
ammonia with the Nessler reagent. 

( 3 ) The value per ml of 0*02 iV-H^SO^ in terms 
of nitrogen is found by introducing into the distillation 
flask containing the solution of the steel sample from 
which the ammonia has been distilled off, and which has 
been cooled, temp, to room a known volume of the 
ammonium chloride solution, (No3), distilling absorbing 
the ammonia evolved in a measured excess of 0*02 
^ 7-111804 and finding the excess of the acid by titration 
with 0.02 N-NaOH, as in the actual tun of the 
steel sample. 

(4) It cannot be too strongly emphasised that this 
determination should be carried out in the Laboratory 
yrhen free from^^ni^. This coodititm Is b^t secured 
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when, in the absence of a separate Laboratory for such 
work, only this determination and no other is being 
carried out. 

(5) The investigators^ of this method have pointed 
out that wrapping up corks with aluminium foil avoids 
errors due to absorption of ammonia by ordinary corks. 
Ground-glass joints are most desirable. 

EXPERIMENT 40— A. 

Determination of Molybdenum in Steel. 

Introductory : — A new reagent known as a-ben- 
zoin oxime has .been introduced in recent years. The 
use of an alcoholic solution of this reagent serves very 
well both for the qualitative detection and the quan- 
titative determination of molybdenum. Its use effects 
a great saving in time and avoids the unpleasantness 
of work with hydrogen sulphide whenever separations 
from interfering elements as in the present case are to 
be effected. The reagent has the following formula : — 

CeHs. CHOH 

I 

QH 5 . C : NOH . 

Principle : — 

When an alcoholic solution of the reagent is added 
to a sulphuric acid solution containing molybdic acid 
free from tungstic, vanadic and chromic acids, a white 
precipitate is obtained. This is filtered off, ignited to 
MoOg and weighed. From this and from the known 
weight of sample the percentage is calculated. 

Solutiops Required : — 

( 1 ) Dissolve 2 gms. of the reagent in 500 ml. of 
ethyl alchol. Filter the solution, if not clear, through 
a diy filter paper. 

^Jouxned of the Iron . Steel Institute Vol. No. 
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(2) 4% boric acid solution in water. 

(3) Wash liquid : 50 ml. of No. 1 solution added 
to about 1000 ml. water containing 10 ml. of cone. 
HaSO,. 

Procedure : — 

Weigh 1-3 gm. sample into a 600 ml. beaker. Add 
50 ml. of dil. H2SO4 (1:6), and warm until action 
ceases. Add 2 to 5 ml. of cone. HNOg to decompose 
carbides and to oxidize iron and molybdenum. A liberal 
addition of HNOj would lead to the oxidation of vana- 
dium and chromium, if any. Add 2-4 drops of HF, mix 
and then 10 ml. of a 4% solution of boric acid. Boil for 
a few minutes. Filter in case the solution is not clear. 

Dilute to 100 ml. with water. Cool to 25°C. Add 
about 0*5 gm. FeS04 to reduce vanadic and chromic 
acids to VgOa (SOJ^ and Crg (804)3. Cool to 5®C. and 
add slowly 10 ml. of the reagent solution and 5 ml. 
extra for each 0*01 gm. Mo present. Continue to stir the 
solution, add just enough bromine water to colour the 
solution pale yellow and then add a few ml. (about 
5-10) more of the reagent. Let stand in a cooling 
mixture of ice and water for 1 0 minutes. Stir in paper 
pulp from one 1 1 cm. dia. paper (Whatman brand No. 
40). Filter through a rapid filter. Wash with the wash 
liquid using about 200 ml. in all. Needle-like crystals 
appearing in the filtrate indicate excess of the precipi- 
tant. According to theory, the formation of the 
molybdenum complex requires per gram of molybde- 
num about 14’ 2 gms. of the reagent for precipitation. 
A three to fourfold excess is required. 

Transfer the paper with the precipitate to a platinum 
crucible, cautiously dry and then char without allowing 
the. paper to inflame and ignite at a temp, not exceeding 
§0D°C. Cool in a desiccator and weigh. The ignited 
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residue may contain small amounts of iron, chromium, 
etc. To make allowance for these impurities, digest 
the ignited residue after transferring it to a small bea- 
ker ( 50 ml. ) with 5 ml. of NH 4 OH ( S.G. 0 . 96 ) 
and filter through a small filter. Wash with NH^OH 
(1 : 9), ignite and weigh. Deduct the weight obtained 
from the original weight. The weight so obtained is 
that of the pure M 0 O 3 . Calculate the percentage. 

Tungsten when present in the steel accompanies 
the molybdenum complex, it also being precipitated 
as a complex. On ignition it is present as WO 3 . Diges- 
tion with ammonia dissolves both MoOg and WO3. To 
make allowance for the weight of WO 3 , proceed as 
follows : — Add to the filtrate after digesting with am- 
monia and filtering, 5 ml. of cone. H 2 SO 4 . Evaporate to 
fumes. Cool. Dilute to 25 ml. with water, add 1 to 2 ml. 
of cinchonine solution containing 125 gms. of the base 
cinchonine in 1000 ml. of dil. HCl of s.g. IT. Digest 
at 80° -90°C. for about 10 hours. Filter through 
filter paper containing pulp. Wash with dil. cinchonine 
hydrochloride solution (30 ml. of the above solution in 
1000 ml. of water). Transfer the paper to a platinum 
crucible, char, ignite at 750° to 850°C., cool and 
weigh. Subtract the weight of WOg obtained from the 
weight of MoOa+WO;). Calculate from the weight of 
pure MoOg the % of Mo. 

EXPERIMENT 40— B. 

Determination of Molybdenum and Vanadium* 

( Separations involving the use of Ethyl Ether. ) 
Introductory ; — The determination of a few constituents 
in steels based on the solubility of ferric chloride in 
ether and the insolubility of nickel, manganese, alumi- 
nium, chromium and copper chlorides is very attractive. 
But on account of the ready volatility (b. pt. 34° C) 



and the inflammability of the liquid, it is not generally 
used in routine analysis. On account rapidity and 
case separations involving its use are described here. 

Solutions Required : — 

1. Dil. HCl ( 1 : 1 ) 

2. Cone. HCl saturated with ether. Shake 100 ml. 
of cone. HCl in a separating funnel with small quan- 
tities of ether, cooling the funnel under the water-tap 
after each addition of ether. Continue the addition of 
ether and cooling under the tap until there is a layer of 
ether at the top of the heavier layer of the acid-ether 
solution at the bottom. Draw off this heavier layer into 
a glass-stoppered bottle and keep in a cool place. About 
150 ml. of ether will be dissolved in 100 ml. of the 
cone. acid. 

3. Dil. HCl (1:1) saturated with ether. Proceed 
as above shaking 100 ml. of dil HCl. (1:1) with small 
quantities of ether in a separating funnel and cooling 
under the water-tap until there is a layer of ether at the 
top. Draw off the lower layer into a glass stoppered 
bottle and preserve it for use. 100 ml. of the dil. fICl 
will dissolve about 30 ml. of ether. 

Procedure : — 

Dissolve 1 gm. sample of steel in a 200 ml. casserole 
in 15 ml. of dil. HNO3 of s.g. 1'2. Evaporate to dryness 
and bake for 30 minutes. Cool. Dissolve the baked mass 
in 25 ml. dil HCl (1:1). Boil and filter. Collect the 
filtrate in a beaker, wash the filter-paper and residue 
alternately with dil. HCl and warm water until free from 
iron. Evaporate the filtrate to a volume of about 5 ml. 
The liquid should be sirupy and no crystab of FeCl, 
should app^ur at this stage. Cool the solution and transfer 
it to th tap-funnel ‘a' of the Rothe Extraction Pipette 
shown in Fig. 16. Draw it into the bulb A. Rinse the 
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beaker 3 or 4 times with dil. HCl (1 : 1) using each time 
1 to 2 ml. of the dil. HCl. Add the rinsings to the 
solution in the bulb A Cool under the water-tap and add 
6 ml. of Solution No. 2. Shake and cool under the tap. 
Now add about 50 ml. of ether and shake, cooling at 
the same time under running water from the water-tap. 
Allow to separate into two layers. Draw off the lower 
layer into the bulb B. The upper layer i. e. the liquid 
remaining in the bulb A contains almost all of the iron 
and the molybdenum present in the steel along with 
small amounts of the chlorides of nickel, copper, 
manganese, aluininium, chromium, titanium and vana- 
dium while the bulk of the above chlorides is in the 
bulb B along with a small amount, about 1 % of 
the Fe and the Mo in the steel. To separate 
this small amount, introduce via the tap-funnel ‘b’ 
about 5-10 ml. of the dil. HCl— ether solution into the 
bulb B, add about 20 ml. of ether and shake. Draw 
off the lower layer into a beaker ‘V’. To rinse the bore 
of the tap of B, add 3-5 ml. of the dil. HCl-ether solu- 
tion via ‘b’, shake, let stand and draw off the lower layer 
into the same beaker. Preserve this solution. Draw off 
the upper layer which is now left in B and which 
contains the small amount of iron not extracted 
by the ether solution which remains in bulb A^ 
in a second beaker *M*. Add via ‘a*, 3 to 10 ml. 
of the dil. HCl-ether solution, shake, cool and let 
stand. Draw off the lower layer into B and then 
into the beaker ‘V’. To rinse the bore of the stop- 
cock of A, use 2-3 ml. of the dil. HQ-ether solution. 
Introduce it via ‘a’, shake, cool and withdraw the 
lower layer into B and then into the beaker ‘V . 
This solution contains all the vanadium. Proceed for 
its determination as follows : — Expel the ether by 
heating the bs»ker with its contents .on Ae dectnc 
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hot plate or in a hot- water bath and pour into 100 
ml. of a hot 10'/^ solution of NaOH. Filter off the 
hydroxides of Cu, Mn, Ni, Al, Cr, and Ti. Acidify 
the filtrate with dil. HjS04, add 5-10 ml. of SOj, boil 
off the SOj and finish by titrating with 0-03 N-KMn04 
as in Expt. 32. 

The layer left in A contains the iron and the 
molybdenum. Run this into beaker ‘M’. For the 
determination of molybdenum, proceed as follows : — 
Add 5 ml. of cone. HjSO^. Evaporate to fumes. 
Cool. Cautiously dilute with water to about 75 ml. 
Heat to boiling, pass a rapid stream of H2S for 10- 
15 minutes. Let stand and filter off the molybdenum 
sulphide. Wash it free of iron salts with 100 ml. 
of dil. H2SO4 ( 1:20 ) saturated with HjS. Repeat 
passing HgS into the filtrate to ensure complete 
precipitation. Ignite the M0S3 to M0O3 at 500-525 ®C. 
and weigh. 



CHAPTER V. 

ANALYSIS OF NON-FERROUS ALLOYS. 

EXPERIMENT 41. 

Determination of Copper and Zinc in Brass. 
Outline of Method ; — 

The alloy is dissolved in HNOg and evaporated to 
fumes with HjSO^. The sulphates thus obtained are 
dissolved in water and the copper is precipitated as 
CuS by HgS. The precipitate is dissolved in HNOg and 
the Cu determined by electrolysis as in Experiment 43 
or by the iodide method as in Experiment 59. From 
the filtrate zinc is precipitated as zinc ammonium phos- 
phate. This is weighed either as such after filtering off 
through a Gooch crucible or changed to pyrophos- 
phate by ignition and then weighed. From the weight 
obtained, the percentage of zinc is calculated. 
Procedure : — 

Solution of the Alloy : — 

Dissolve 1 gm. in 10 ml. dil. HNOg (s.g. 1.2) in a 
150 ml. covered beaker. Evaporate to fumes with 5 
ml. cone. HgSO^. Cool. Transfer to a 250 ml. beaker 
containing 50 ml. water. Rinse the original beaker 4 
or 5 times with water and transfer the rinsings to the 
250 ml. beaker. Heat to boiling. 

Determination of Copper : — 

Pass HaS for about 20 minutes or until the solution 
has cooled down to about 40 °C. Filter. Raise the filt- 
rate to boiling point and again pass HiS. If no precipi- 
tate forms, stop passing H,S but if a precipitate forms, 
continue passing H,S for about 5 minutes. Filter 
through the same filter paper. Repeat passing H,S until 
no precipitate is obtain^ from the filtrate. The pred- 

23 • . . . 
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pitate of sulphide on the filter paper must be washed 
free of zinc. Use HjS water for the purpose. It is im- 
portant to keep the precipitate covered with HsS water 
during the time taken to free the filtrate from the traces 
of Cu by passing H2S. It is best to precipitate all the 
Cu as CuS at one passing ofHsS. The precipitate on the 
filter paper has a tendency, on exposure to air, to get oxi- 
dized to basic sulphate of Cu which is soluble and passes 
into the filtrate during the subsequent washing of the 
precipitate. It is necessary therefore to prevent oxida- 
tion by covering the precipitate with H2S water, if all 
the Cu has not been precipitated at orie passing of H,S. 
Wash the precipitate 4 or 5 times with H,S water, trans- 
fer the bulk of the precipitate by a jet of water from the 
wash bottle to a 200 ml. beaker. Use a minimum quantity 
of water for the purpose. 30-40 ml. of it should suffice. 
Pour 5 ml. cone. HNO, through the filter paper rolled 
into a loose lump. Collect the solution in the beaker 
containing the bulk of the precipitate. Heat to boiling. 
Pour through the filter paper. Repour through the 
same until every particle of CuS has been dissolved off 
the filter. Finally wash the funnel and the beaker with 
water. To the solution add H2SO4. Evaporate to 
fumes and at this stage proceed as shown in Experi- 
ment 59. 

Determination of Zinc ; — 

Boil the combined filtrate and washings from CuS 
to expel HgS. Neutralize with NH4OH. Add a slight 
excess. Introduce 3 gms. NH^Cl. Add 6 gms. (NH^)^ 
HPO4 dissolved in 25 ml. water, and then 1 ml. acetic 
acid (glacial). Heat to boiling in a water bath. A 
flocculent precipitate first forms which after 2 or 3 
minutes’ boiling changes to a crystalline form. Let stand 
for half an hour. Filter through a Gooch crucible with 
asbestos pad. Wash with 50;i^ alcohol. ( 1 vol, absolute 
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alcohol with 1 vol. water ). Dry at 110° to 120°C. to 
constant weight. Convert the weight of zinc ammonium 
phosphate into zinc. 

Alternatively, the precipitate may be filtered off in 
the ordinary manner, washed with water, dried and 
ignited in a porcelain crucible at 900°C. The ignited 
residue is the pyrophosphate of zinc of the formula 
ZngPgO^. From this, calculate the percentage of zinc. 
Notes : — 

1 . Zinc ammonium phosphate is soluble both in 
mineral acids and ammonia. 

2. The quantity of ammonium phosphate for pre- 
cipitating Zinc is 20 times that theoretically necessary. 
The reaction is as follows ; — 
Zna,+(NH0*HPO4+NH.OH ZnNH^PO^ 

+H,0+2NH.C1. 

Determination of Zinc -(Volumetric method.) 

The principle of this method consists in the fact 
that when a solution of potassium ferrocyanide 
is added from a burette to a solution of zinc chloride, 
the latter is precipitated as a complex cyanide. The end 
of the reaction is indicated by the formation of a brown 
colour on a spotting plate when a drop of uranyl nitrate 
solution is allowed to mix with a drop from the 
titration liquid. 

The reaction taking place is as follows : — 

2K4pe(CN)a + SZnCla K2Zn3[Fe(CN)j2 + 6KC1 

Procedure : — 

From the zinc sulphate solution obtained by filtering 
off CuS, 'expel H,S by boiling. Add excess of ammonia. 
Carefully neutralize with dil. HCl (1:1). Test with blue 
litmus paper. Add 3 ml. cone. HCl. Keep the volume 
at about 250 ml. . Heat to boiling. Run the standard 
potassium ferrocyanide solution ( see below ) into the 
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boiling hot 2 inc solution in small quantities, 2-3 ml. 
at a time. Test with uranyl nitrate solution on the 
spot-plate. If there is no brown colour, continue the 
addition of the standard ferrocyanide until the brown 
colour indiC 3 .tion is obtained. 

Standardization : — 

1 . Potassium Ferrocyanide solution:Dissolve 35gms. 
of the salt in 1000 ml. water. Let stand for a week and 
then fix the value per ml. in terms of zinc as shown below. 

2. Uranyl Nitrate solution : Dissolve 2 gms. in 
100 ml. water. 

Procedure : — Weigh 0.2-0. 3 gm. pure zinc into a 
150 ml. beaker. Dissolve in 10 ml. cone. HCl. Dilute 
to 50 ml. with water. Make slightly alkaline with 
ammonia. Neutralize with HCl; add 3 ml. cone. HCl. 
Transfer to a 500 ml. conical flask. Dilute to about 
250 ml. Heat to boiling. Run the ferrocyanide from a 
burette until a drop of the indicator, on being allowed 
to mix with a drop from solution in the titration flask, 
yields a brown colour. 

Blank Test : — 

To 200 ml. water in a 500 ml. Erlenmeyer flask 
add 2 ml. cone. HCl. Neutralize with ammonia. Add 3 
ml. cone HCl. Dilute with 50 ml. more water. Heat 
to boiling. Run the ferrocyanide until a drop from the 
titration mixture gives a brown colour with a drop of 
the indicator when they mix on the spotting plate. 
Results of standardization : — 

Weight of zinc =0.2500 gm. 

Vol. of ferrocyanide solution =30.3 ml. ' " 

» for blank = 0.3 ml. 

30 ml. solution = 0.25 gm. zinc. 

1 ml. solution 0 . 25-^30 „ „ 

= 0.0083 gm „ 
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Notes : — 

( 1 ) The method of titration described above is 
applicable for zinc when the amounts are not small 
and when the following interfering metals have been 
removed : — Pb, Cu, Ag, Hg, Cd, As, Sn, Bi, Fe, Cr, 
Al, Mn and Co. 

( 2 ) Correct values can be obtained only by 
carrying out the assay under conditions of temperature, 
dilution and acidity similar to those obtained during 
standardization. 

( 3 ) The methods described above assume that 
only copper and sine are present in the alloy. This is 
not always the case. The following scheme holds good 
for ordinary commercial brass : — 

Dissolve 1 gm. of the alloy in 10 ml. cone. HNOg. 
and 10 ml. water. Evaporate to about 10 ml. Redis- 
solve in 20 ml, dil. HNOg. Filter off SnOg through 
pulp filter. To the filtrate add 10 ml. cone. HgSO* and 
evaporate to fumes. Redissolve in 60 ml. water. Let 
the precipitate settle. Filter off the lead sulphate 
through a Gooch crucible with asbestos. Ignite and 
weigh as PbS 04 . Temperature of ignition is 500®C. 

Into the filtrate from PbSO^, pass H 2 S to precipitate 
Cu as CuS and determine Cu by electrolysis of the 
copper sulphate solution. To the liquid from electro- 
lysis, add a few drops of HNO„ then NH 4 OH and boil. 
Filter off the precipitate of Fe ( OH )s, if any. Ignite 
and weigh. To the filtrate, add dimethyl-glyoxime 
reagent to precipitate nickel, if any is present. Filter 
off, ignite and weigh as NiO. Destroy the excess of the 
dimethyl glyoxime reagent in the filtrate by boiling 
with cone. HCl until the peculiar smell similar to that 
of acetic acid is completely removed. Then determine 
zinc from the liquid as described above by titration 
or as pyrophosphate. 
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EXPERIMENT 42. 

Detetmination of Beryllium in 
Copper- Beryllium Alloy. 

Principle : — 

The alloy is opened out with HNO3. The solution 
is treated with excess of NH^OH and filtered. The 
residue on the paper is Be (OH) 2 . This is purified by 
re-solution in HNOs and reprecipitation with NH<OH. 

Procedure : — 

Dissolve 1 gm. sample contained in a 100-150 ml. 
beaker in 10 ml. of dil. HNOs ( 1 : 1 ). Hpt gently until 
completely dissolved. Transfer to a 400 ml. beaker. 
Add excess of NHpH (1 : 1 ). Filter. Wash 3-4 times 
the residue on the paper with V'L NH 4 NO 3 soln. . Re- 
peatedly extract with 10 ml. of hot dil HNC# (1 : 3) the 
residue on the paper. Reprecipitate with excess of dil. 
NH 4 OH (1 : 1). Filter, wash with i;^NH<NOi solution 
and ignite the residue with the paper in a platinum 
crucible, at first gently and then strongly, over a blast 
lamp. Cool in a desiccator and weigh. Repeat heating, 
cooling and weighing. Calculate^Be. 

EXPERIMENT 43. 

Analysis of a copper-tin alloy. 

( Copper by Electrolysis, ) 

Principle : — 

The alloy is opened out with nitric acid. Copper 
goes into solution as Cu ( NO 3 \ and tin is changed 
into insoluble metastannic acid. The latter is filtereid 
off through a Gooch crucible, washed, dried, ignited 
and weighed as SnOg. Copper which is present iu' the 
filtrate is determined either by the iodide method for 
which see Experiment 59 or it is determined by 
electro-deposition. The principle of the latter method 
consists in the fact that when a current of electricity 
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from two or more storage cells is passed through a 
solution of copper sulphate or copper nitrate, metallic 
copper is deposited on the cathode. The material of 
which the electrodes are made is platinum, as this is 
unaffected by the acidity of the bath that is being 
electrolysed. The following conditions tending to the 
production of a bright and firmly adherent deposit in a 
reasonable length of time must be observed : — 

(1) ! The volume of the solution must not exceed 
150 ml. 

(2) It must not contain more than 5 ml. of iV-Hj 
SO 4 or HNO 3 T 

(3) HCl must be completely absent from the solution. 

(4) When electrolysing a solution acid with HNOg, 
a few milligrams of urea must be added towards the 
completion of the electrolysis. This serves to destroy 
any nitrous acid formed and thus eliminates its solvent 
action on the deposited metal. 

= N-OH — ^ ^^ 2 + 3 H 2 O + 2 N 2 

(5) The most essential requirement for obtaining a 
coherent deposit consists in the maintaining of what is 
known as ‘the normal current density’ which is defined 
as the ratio of the current passing through the bath 
to the area in sq. cms. of the cathode surface. In the 
assay of copper, the current density which is to be main- 
tained is 0.5 of an ampere for 100 sq. cms. of cathode 
surface, and 0.5 ampere is referred to as the normal 
current density in copper assay. As the cathode avai- 
lable in the College has only 30 sq. cms. surface ( both 
the inner and the outer surfaces taken together ), more 
than 0.15 ampere must not be passed through the circuit. 
The current must be reduced to this value by using a 
box of resistance In series with the electrolytic bath. 
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(6) According to Faraday’s Laws of Electrolysis, 

96,550 coulombs of electricity will deposit—^— or 

31.785 gms. of copper. To be able to finish the assay 
within a reasonable amount of time, it is necessary to 
start with a weight of alloy which will contain between 
0.2-0.4 gm. of Cu. Assuming that there is present 
0.4 gm. of Cu in the solution and that only 0.15 ampere 
current is to be used, the time taken for the deposition 
of the metal will be 

96550x0.4 

317787 X 0.1 5 xd'^^O 
hours or nearly 2 hours and 15 minutes. 

The time that is actually needed is about 10 hours 
or more. This is because the ions of copper present 
in tlie layer of liquid far removed from the cathode sur- 
face move towards it only exceedingly slowly. Also, the 
current does not remain at the same value throughout 
the run. It diminishes in strength owing to the increase 
of the bath resistance, as the metal gets deposited. This 
also accounts partly for the increased time consumption. 

To bring the electrolytic method of assay into more 
general use, all that is necessary is to remove the above 
drawbacks. This has been done by the use of a rotating 
platinum gauze cathode which is also available in the 
College. 

One other condition tending to shorten the time of 
electrolysis consists in raising the temperature of the 
bath. This, in the case of the copper assay, is about 
60°-70°C. The has the effect of slight stirring and of 
keeping the cathode surface surrounded by solution of 
the same strength as at the bottom of the vessel. 
Procedure : — 

Weigh 0.5 gm. sample of the drillings into a 200 
ml, beakcL Ad4 a mixture of 5 ml. cone. HNO^ and 
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10 ml. watet. Covef with a cover glass. Heat on 
the hot plate until the alloy has completely dissolved. 
Remove the cover-glass and evaporate to about 5 ml. 
Add 5ml. cone. HNOj. Digest for 10 minutes on the hot 
plate. Dilute with 30 ml. of hot water and leave at the 
comer of the hot plate for an hour. Remove from the 
hot plate and allow to settle for 10 minutes. Decant 
through a weighed Gooch cmcible with asbestos pad, 
add 10-20 ml. of hot dil. HNOg ( s. g. 1.2 ) and 
decant as before. Finally transfer all the residue in the 
beaker to the cmcible by a strong jet of water from the 
wash-bottle. Wash 4 or 5 times so that the filtrate 
amounts to about 80-100 ml. . Dry the Gooch cmcible 
in the air oven, place inside a larger crucible, and raise 
to a dull red heat. Cool and weigh. Calculate the 
percentage of tin. 

Notes : — 

( 1 ) The above method of heating SnO, avoids 
reduction to Sn by contact with the reducing gases 
present in the flame. 

2. The precipitate of SnO, is contaminated by 
copper oxide, lead oxide, etc., due to adsorption by 
stannic acid. When very accurate results are desired, the 
SnOg must be freed from the above impurities. This is 
accomplished as follows : — The impure stannic acid is 
filtered off through filter paper. The residue is ignited 
and fused with 6 times its weight of a mixture of 
anhydrous Na^COs and sulphur, mixed in equal propor- 
tions, in a porcelain cmcible covered with a lid, until 
the blue flame due to burning sulphur no more appears 
rouhd ' the lid. The cooled mass is treated with water 
in a beaker when CuS and PbS separate. Sn remains 
in solution as sodium sulphostannate. The sulphides 
are filtered off. The filtrate is acidified with acetic acid, 
SnSa filtered off, ignited and weighed as SnOsj, 

29 
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Procedure for Copper ; — 

Evaporate the filtrate from the stannic oxide separa- 
tion to fumes in a casserole with 5 ml. of cone. H,S04. 
Cool. Add 30 ml. of water cautiously. Boil for 5-10 
minutes. Transfer to a tall 200 ml. beaker. Rinse 
the dish 3 or 4 times with water and add the rinsings 
to the beaker. Add NH4OH of 6 JV strength until 
it is in excess. Acidify with 6N-HJSO4. Add the acid 
drop by drop. When the precipitate is dissolved, add 
only 2 ml. more of the acid and dilute to a volume of 
about 150 ml. 

To find out to which pole of. the battery, the 
cathode previously cleaned, dried, and weighed, is to 
be connected, dip the two wires from the two poles 
into a small quantity of acidulated water. That wire 
which causes the evolution of a larger volume of gas, 
namely hydrogen, is the one to be connected to the 
cathode. Two storage cells with a resistance box and a 
milli-ammeter in series with the bath serve best. Re- 
move the plugs from the box so that a current of about 
0.08 ampere passes. Leave overnight. To see if the 
electrolysis is complete at the end of this time, place 
about 1 ml. witlidrawn from the bath in an inverted 
porcelain crucible lid. Add a few drops of HgS water. 
If no black colouration is produced, the electrolysis is 
complete ; if there is a black coloration, the operation 
must be continued for an hour longer and the H2S 
water test repeated. 

When no black colouration is to be seen, lift the 
electrodes slowly from the bath without breaking the 
circuit and directing at the same time a stream of 
water on to the cathode from the wash bottle. When 
the cathode is completely above the surface of the bath, 
break the circuit. Detach the cathode from the binding 
screw, wash with alqohol, dry above a spirit-lan:^ flame. 
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cool in a desiccator and weigh. From the increase 
in weight, the percentage of copper in the alloy is 
calculated. 

Notes : — 

(1) It is very important that the circuit should not 
be broken before the cathode is lifted off from the bath. 
Some of the metal deposited will pass into solution, if 
this precaution is not observed. Failure to wash during 
lifting will also result in some of the metal going into 
solution on breaking the circuit subsequently. 

(2) Washing with alcohol and subsequent drying 
over a spirit lamp flame have for their object the quick 
drying of the deposit. High temperature and delay in 
drying lead to oxidation of the deposit. 

(3) In the absence of a platinum cathode, one of 
copper gauze having 20 meshes to the centimetre and 
3 cms. in height and 3 cms. in diameter may be made 
and held by 6" length of No. 16 S. W. G. of copper wire. 
This wire is tied to the cylindrical copper gauze by 
wires removed from the same gauze. Such an electrode 
is suitable only for the deposition of copper. The 
copper gauze eleetrode so made is freed from any 
greasiness by soaking in petroleum ether or ethyl ether 
for two or three minutes, drying it far above a spirit 
lamp flame and weighing it. On completion of the 
deposition, the same precautions have to be observed 
in removing this from the bath and drying it as in the 
case of the plain platinum cathode. A higher current 
density may be used in this case than when a plain 
platinum cathode is used and a coherent deposit 
still obtJiined. Owing to the higher current density the 
duration of electrolysis is shortened. 

(4) The electrolysis should not be continued long 
after the deposition is complete. Otherwise the depo- 
sit turns black. This is due to oxidation. 
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(5) Should it be found that the operation is not 
finished at the end of the working day, the assay 
may be left overnight, reducing the current to a very 
low value, namely 0.02-0.03 of an ampere. 

(6) . The electro-assay of copper may be proceeded 
with without evaporation to fumes with HjSO^. In 
this case, the nitric acid is neutralized with NH^OH and 
only 3-4 ml. of HNOs of 6N strength must be present 
in 150 ml. of solution ; also, a few milligrams of 
urea must be added towards the end to prevent the 
solvent action of the nitrous acid formed during the 
electrolysis, on the copper deposited. The alloy under 
examination contains no lead ; but evSi when this is 
present, it is not necessary to determine it as PbS 04 by 
evaporation to fumes with HjS 04 , boiling the residues 
with water and filtering off PbS 04 through a Gooch 
crucible and weighing it. Proceed as follows : — 

Add 15 ml. cone. HNOg to the filtrate from SnOg . 
Dilute to 350 ml. Eletrolyse using a gauze anode of 
platinum and a current density of 0’5 ampere. Lead is 
deposited as PbOg on the anode. To ascertain if deposi- 
tion is complete, expose fresh anode surface and see if it 
is dimmed. If not dimmed, the deposition is complete. 
The acid in the bath is neutralised by ammonia until 
only about 5% HNOg is left, that is, 5 ml. HNOg in 100 
ml. and then the electrolysis proceeded with for the 
deposition of copper, as described at the beginning of 
the exercise. 


Example I. 


Case I 


Weight of alloy 

Weight of Gooch crucible and SnO, 
Weight of Gooch crucible only 
Weight of SriOg 

Hence, % of tin in the alloy =0.1445 


—0.5 gm. 

= 15.0621 gm. 
= 14.9184 „ 
=0.145 „ 

x.7881xl00-r0.5 


'=22,78 
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Weight of platinum cathode with 
the deposit of copper 
Weight of the platinum cathode 
Hence weight of Cu in the alloy 
Percentage of Cu 

Case II 


=6.8001 gms. 
=5.4200 „ 


=0.3808 

=76.16 


91 


Using a copper gauze cathode and the same weight, 
namely 0.5 gm. of the alloy, the following results 
were obtained : — 


Weigt of the cathode+deposit 
Weight of the cathode only 
Hence, weight of Cu deposit 
Percentage of Cu 

In each case, the electrolysis 
the ordinary temperature and 
ampere only was employed. 


—4.4047 gms. 
=4.0242 „ 
=0.3805 „ 

=76.10 „ 

was conducted only at 
a current of 0.05-0.08 


Time taken in case 1 24 hours. 


Time taken in case II about 18-20 hrs. 


The slight red colour of the anode in the above 
assays is due to the presence of a small amount of 
manganese in the alloy, as evaporation of the filtrate 
from SnOa with HjSO* gave no weighable amount of 
Pb as PbSO^ 

Note : — 

Any deposit on the anode, consisting of manganese 
dioxide and lead dioxide, is removed by dipping it into 
a solution of NaNOg acidified with dil. HNOj. 

EXPERIMENT 44. 

Determination of Nickel in a Nickel Coin. 


Principle : — 

When a solution of dimethylglyoxime in alcohol is 
added to a neutral or slightly aJkaline solution contai- 
ning NlSOi and CuSOi, the nickel is thrown down as a 
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voluminous ted precipitate. This is slightly contamina- 
ted by coppet. To remove the small amount of Cu, 
the precipitate is redissolved in dil. HaS 04 ( s.g. 1.2) 
and again precipitated by the addition of dimethyl 
glyoxime, the medium being made neutral or alkaline. 
The precipitate is filtered off through a Gooch crucible 
with asbestos felt, dried to constant weight at 120°C. 
and weighed. From the weight of the precipitate the % 
of nickel is calculated. 

Solutions Required: — 

Dimethylglyoxime Reagent : — See Experiment 28. 

Procedure : — 

Dissolve a 0.5 gm. sample of the coin in a 150 ml, 
beaker with 20 ml. dil. FINOj ( s.g. 1.2 ). Add 5 nff. 
cone. H 2 SO 4 . Evaporate to fumes. Dilute with 30 ml. 
water and boil. Cool. Transfer to a 500 ml. measuring 
flask. Rinse the beaker, with water and make up to 
the mark. 

Mix by shaking. Pipette oft’ 100 ml. into a 500 ml. 
beaker. Make faintly ammoniacal. Test with litmus. 
Raise to a boil and add 15-20 ml. of the dimethyl 
glyoxime solution. Let stand on a hot plate at 50®C. 
Add ammonia to neutralize the acid formed during the 
precipitation The liquid should smell only slightly of 
ammonia. When the precipitate has been allowed to 
settle for half of an hour, filter off through filter 
paper, wash 5 or 6 times by decantation. Dissolve the 
precipitate on the filter paper by running 15 ml. of hot 
dil. HgS 04 (s.g. 1.2) on it and collect the solution in the 
beaker containing the bulk of the precipitate. Heat until 
dissolved. Dilute to 200 ml. with water. Neutralize with 
ammonia. Raise to a boil. Add 10 ml. of the glyoxime 
reagent. Keep on the hot plate for half an hour. 
Filter through a Gooch crucible and proceed as in 
Esqteriment 28. 
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Notes : — 

(1) When the determination of both Cu and Ni is 
to be made, the solution is first electrolysed for copper 
determination in the manner shown in Experiment 43 
After the electrolysis is over, nickel is determined by a 
single precipitation with the glyoxime reagent. 

(2) When a sample of german-silver is to be 
analysed, which is mainly an alloy of nickel and copper, 
the percentages ranging from 5-20 and 85-70 res- 
pectively with varying amounts of tin and 2inc, the 
following scheta^e will serve : — 

Determine Cu and Sn as in Experiment 43. 

Determine Ni in the liquid left after electrolysis. In 
the filtrate from Ni, destroy the dimethyl glyoxime rea- 
gent by boiling with 20-30 ml. of dilHCl (s.g. 1.1) until 
the peculiar smell due to the products of hydrolysis of 
the glyoxime is no longer noticeable. Neutralize care- 
fully with ammonia and determine zinc as ZOaPgO^ after 
precipitating it as ZnNH4P04. See Experiment 41. 
EXPERIMENT 45. 

Determination of Phosphorus in 
Phosphor-Bronze. 

Principle : — 

The alloy is dissolved in aqua regia, the heavy 
metals precipitated by the addition of zinc, the filtrate 
treated with a little of ferric sulphate and the phosphoric 
acid precipitated as ferric phosphate by NH4OH. The 
precipitate is filtered oflF, dissolved in HNO,, treated 
with . (NH4 ),Mo 04 and from the yellow precipitate 
obtained, P is determined as shown in Experiment 16. 

Solutions Required ; — Ferric Sulphate. 

Dissolve 70 gms. ferrous ammonium sulphate 
crystals in 25 ml. dil, H^SOi ( s.g. 1.2 ) and 50 ml, 
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water. Add 5-10 ml. cone. HNO,. Boil until oxides 
of nitrogen are expelled. Cool. Make up to about 100 
ml. Use 2 ml. of this solution for each determination. 
To precipitate 1 gm. P, approximately 1.8 gm. Fe 
will be required. The solution of ferric sulphate con- 
tains 10 gms. Fe. 

Procedure : — 

Dissolve in a 200 ml. basin 1 gm. sample in a mixture 
of 10 ml cone. HCl and 10 ml. cone. HNO,. Evaporate 
to dryness. Redissolve in 7 ml. cone. HCl, boil, dilute 
with cold water to about 30 ml. and introduce a piece 
of zinc foil or stick. The metals Cu Snd So are pre- 
cipitated. Filter oflF the residue, pour on it 3 ml. dil. 
HCl (1:1) mixed with 3 ml. water. Wash five or six times 
with water. Boil the filtrate and the washings. Add 
a drop or two of cone. HNO^ and 2 ml. of the Iron 
solution. Precipitate the iron with excess of NH 4 OH. 
Filter off the mixed precipitate of Fe (OH)^ and FeP 04 , 
dissolve the precipitate in 20 ml dil. HNO 3 (s.g. 1 . 2 ) 
and proceed by adding 15 ml. cone. HNO,, heating to 
70°C, adding 40 ml. of ammonium 'molybdate and 
finishing off as in Expt. 16. 

Notes : — 

1. Nitric acid when employed alone for solu- 
tion of the alloy yields a residue of SnOj-t-PiOs. 
Only on fusion with KCN this residue yields P as 
K,P 04 . From the fused mass the phosphorus can 
be determined in the following manner : — Dissolve 
the fusion product in water. Filter off the tin. 
Acidify the filtrate with HCl in a fume chamber 
with good draft, expel the free HCN cbnipletely 
by boiling. Neutralize with NH 4 OH, add HNOg 
and ( NH 4 )» M0O4 . Treat the yellow precipitate 
as above. This method has been indicated not to 
give very satisfectory results by Naish and Qennell. 
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Moreover, all the P is not obtained with the tin residue 
unless the amount of tin is sufficient to form stannic 
phosphate. When deficient, extra tin may be added 
before dissolving the alloy in HNO^ and the residue 
then proceeded with. 

(2) The method of separating the heavy metals by 
passing HsS into the solution of the alloy in aqua regia 
after making it strongly ammoniacal is a rather long 
one. The method described under Procedure is compara- 
tively short. The results obtained by the two methods 
on a sample containing 0.36^ P are in close agreement. 

(3) Potasiilm cyanide and hydrocyanic acid are 
deadly poisons. Great care is required in handling 
the former. Soultions from which hydrocyanic acid 
is expelled by boiling must be boiled in the Fume- 
chamber. 

EXPERIMENT 46. 

Determination of Tin and Lead in Soft Solder. 
Principle : — 

The alloy is dissolved in hot cone. HCl with the 
aid of potassium chlorate when PbCl, and SnQ^ are 
formed. On cooling and dilution, lead chloride 
separates. This is filtered off. From the filtrate tin 
determination is made. The principle underlying it is 
as follows : — Stannic chloride is reduced to stannous 
chloride when boiled with HCl and powdered antimony. 
The cold, reduced solution of SnCb is titrated with a 
standard solution of iodine. 

Preoedure: — 

Dissolve 1 gm. sample in 50 ml. cone. HCl in a 
500 ml. Erlenmeyer flask with the aid of 0.5-1 gm. 
Kao,. Cool. Dilute to 150 ml. with water. Filter 
off PbClj, wash, collecting the filtrate in another 500 
ml. conical flask. Add 1-2 gms, of powdered ^timony. 

30 
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Boil vigorously for 5-10 minutes and cool to room 
temperature. Titrate with a standard solution of 
iodine as in Experiment 48, pp. 241-242. 

Notes: — 

(1) The usual method of dissolving in HNOg, 
filtering off Sn02 which separates .and igniting and 
weighing it, yields accurate results only when the 
percentage of Sn is about 2. With high percentages 
as in the case of solder, the method leads to 
inaccuracy on account of the occlusion by SnOg of a 
certain amount of lead. The method described overco- 
mes the objection mentioned as thertin is obtained 
as stannic chloride in solution and is determined by a 
volumetric process. 

(2) 2-3 gms. of mild steel drillings may be sub- 
stituted for 1-2 gms. of antimony. 

(3) Dilution with water to about 300 ml. enables 
one to catch the endpoint sharply. 

When the alloy is boiled with cone. HgSO^, Sn 
passes into solution as stannic sulphate of the formula 
Sn ( SO4 )g and the lead partly separates as lead sulphate 
and partly remains in solution. The liquid is diluted 
with water when Sn ( SO4 )a remains unaffected, the 
lead sulphate separating ou^ completely as a precipitate. 
This is filtered off through a Gooch crucible, ignited 
and weighed. For details see the next E^eriment. 
Nora : — 

A sample for analysis is obtained in the form of 
filings by using a medium-cut file. No contamination 
by iron occurs by this procedure. Clippings take a 
long time to dissolve. 

EXPERIMENT 47. 

Analysis of Magnolia Metal. 

Thi^ is an alloy used as a beating metal and contains 
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the following metals: lead, antimony, tin and traces 
of bismuth and copper. 

Principle : — 

When the drillings of the alloy are heated in a 
Kjeldahl flask with cone. H2SO4, sulphates of lead, 
antimony and tin are formed. The lead sulphate is 
filtered off through a Gooch crucible, ignited and 
weighed. The filtrate contains Sba (SO^j. On the addi- 
tion of standard permanganate solution, the antimonious 
sulphate is oxidized to antimonic acid. The volume of 
standard KMnO^ used is a measure of the amount of 
antimony present. 

The determination of tin is made indirectly by 
treating separately a second portion of the drillings 
with dilute HNOg and evaporating to very low bulk, 
when both the tin and the antimony separate as oxides. 
These are filtered off, ignited and .weighed. From 
the total weight of SnOg and SbaOa, that of Sb208, 
calculated from Sb in the first run, is deducted. From 
the weight of SnOa the X of tin is calculated. 
Procedure : — 

Weigh 1 gm. of the drillings into a 150 ml. Kjel- 
dahl flask with a long stem. Add 30 ml. cone. HgSO^. 
Heat gently at first and then strongly until no dark 
particles are visible. This takes about 2 hours. Add 15- 
20 ml. more of cone. HjS04 to the cold contents of the 
Kjeldahl flask. Add cautiously 10-15 ml. of water. Boil 
for about 20 minutes. Let stand for 10 minutes. Filter 
through a Gooch crucible with asbestos, using suction 
and collecting the filtrate in a filter flask. Wash with 
hot dil. ■ Hi,S04 (sg. 1.2), five or six times. I'he volume 
of the filtrate must not exceed 150 ml. . Sb, (804)3 is 
hydrolysed by a larger dilution than this. If on account 
of the difficulty of transferring into the crucible all the 
particles of PbS04, a larger volume of wash water than 
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loo ml. is used and a turbidity due to hydrolysis of Sba 
(SOJb appears in the filtrate, remove this by the addition 
of 10 ml. more of cone. HjSOb. The use of a wash- 
bottle fitted up as shown in Fig. 17 helps the transfer 
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of lead sulphate adhering to the Kjeldahl flask. With 
its use, unnecessary dilution leading to the hydrolysis 
of Sbi (SOJj is avoided. Transfer to a 400 ml. beaker 
the contents of the filter flask. Cool to between 5°-10° 
C. Add 5 ml. of cone. HCl to the contents of the 
beaker. Run 0.1 JV-KHnO^ from a burette into the 
beaker until a pink colour persists for half a minute. 

1 ml. 0.1 2V-KMn04=0.0061 gm. Sb. • • 

This follows from the following equations : — 

5 Sb,(S04),+4 KMn04+16H.S04 — > 5Sb, (SOJg 

+ 16H,0+2K*S04-l-4MnS04 
SSb, (SOt\+40HsiO -4 10H,SbO4+25H8SO4 
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2 gm. atoms of Sb as SbaO, require 2 gm. atoms of 
oxygen for oxidation into SbgOj. 1 ml. O.liV-KMnO^ 
corresponds to 0.0061 gm. antimony. 

Ignite the Gooch crucible with PbSO^ as follows; — 

Cut a hole in an asbestos board of a diameter suffi- 
cient for the introduction of the Gooch crucible. The 
board with the crucible rests on a second porcelain 
crucible which latter is heated over a burner. This 
device avoids contact with reducing gases from the 
flame which will tend to reduce PbSO^ to PbS. 

Procedure for joint determination of Sn and Sb:- 

Weigh 1 gmr* of the drillings into a 150 ml» beaker. 
Add 20 ml. of 1.2 s.g. HNOg. Cover with a watch glass. 
Heat to dryness in a water bath. Bake at 120®C. for an 
hour in the air oven or on the hot plate. Cool. Moisten 
with 3-4 ml. cone. HNOg. Dilute to 30 ml. with water. 
Digest on the hot platen for 15 minutes and filter 
through a Gooch crucible with asbestos felt. Wash with 
hot water until the filtrate is free from acid. Dry in the 
air oven. Place the Gooch crucible with the dried 
precipitate of SbgOg and SnO, inside a larger crucible 
and ignite at a dull red heat for 20 minutes. Cool 
and weigh. 

Notes : — 

( 1 ) To get accurate results the precautions that 
have to be taken are avoiding a large dilution of the 
filtrate from PbSOg and the overheating of the dried 
mass from the evaporation of the nitric acid solution of 
the alloy for the joint determination of Sb and Sn. 
Basic nitrates may be formed when the latter precaution 
is not* taken and these will contaminate Sba 04 and SnOs, 
in which case fusion of the residue with NaaCO, and 
sulphur is necessary. The fused mass will consist of 
thioantimonate and thiostannate of sodium and the 
sulphides of copper and lead along with sodium poly 
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sulphide. On treatment with water, the solution appears 
brown. Addition of a solution of sodium thiosulphate 
until the brown coloured liquid becomes pale yellow 
accomplishes the separation of CuS, PbS, etc., as 
precipitates, while Sn, Sb remain in solution. Acidification 
with dil. HCl (s.g. 1.1) followed by the passing of a 
current of HaS brings down SnSa and Sb2S3 as 
precipitates. These are filtered off, washed succes- 
sively with carbon di-sulphide, and ethyl alcohol, 
and then ignited. The ignited residues are SnO, 
and Sbj04. 

(2) The titration of the antimonious sulphate in 
sulphuric acid medium with permanganate is satisfactory 
only when an excess of permanganate is added and the 
excess titrated back against ferrous ammonium sulphate. 
To obviate the necessity for preparing a standard 
solution of ferrous ammonium sulphate, the titration is 
carried out after the introduction of cone. HCl at the 
rate of 5 ml. for every 100 ml. of the solution to be 
titrated. A larger addition than this leads to the evolution 
of chlorine and a smaller addition leads to incomplete 
oxidation of Sb2 (804)3. either case, the results are 
not satisfactory. The pink colour obtained in this case 
is not permanent. But when the addition of KMnOi 
is stopped after the pink colour persists for 30 seconds, 
the results are very satisfactory. 

(3) Proceed as follows for copper i — Introduce 
3 gms. of tartaric acid into the solution in which 
antimony has been titrated, neutraliae with ammonia^ 
and then add 2-3 ml. of 6iV‘H2S04. Add excess of 
sulphurous acid, boil, introduce 1 gm. of KCNS and 
continue to boil for 10 minutes. Allow the precipitate 
to settle for '30 minutes. Determine the copper by 
filtering through a Gooch crucible with asbestos felt, 
washing it free from KCNS with hot water, drying at 
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105°C. in an air oven to constant weight. From the 
weight of cuprous thiocyanate CuCNS, the % of copper 
is calculated. 

( 4 ) Proceed as follows for bismuth: — Boil 2 gms. 
sample with 30 ml. cone. H,S 04 in a Kjeldahl flask until 
dissolved. Filter ofi^ PbSO^ through a Gooch crucible. 
Pass HgS into the filtrate. Filter off the sulphides, wash 
with HgS water, digest the precipitate with freshly 
prepared KgS solution in a water bath and filter. Wash, 
dissolve the residue on the paper consisting of the 
sulphides of Cu and Bi in dil. HNOj. Add ammonia in 
excess, neutrali.'^e carefully with HCl. after introducing 
into the solution a piece of red litmus paper. When it 
has become acid, add 1 ml. more of 1.1 s.g. HCl. Dilute 
to 500 ml. and boil. Allow to settle for one hour any 
precipitate of BiOCl that forms. Filter through a Gooch 
crucible with asbestos felt. Dry in an air oven at 105®C. 
to constant weight. 

KgS solution : — Dissolve 9 gms. KOH sticks 
in 25 ml. water. Take 12 ml. of this in a test-tube 
and pass HgS into it until it smells of the gas. Add' 
the remaining 13 ml. of the solution to the solution 
of KHS formed. The resulting solution contains KgS. 
Of this, use 10-15 ml. for the experiment. 

( 5 ) The results obtained for Pb are accurate only if 
the conditions laid down regarding the strength of acid, 
the time of settling before filtering and the temperature of 
ignition are strictly adhered to. 4 mgms. of lead sulphate 
dissolve in 100 ml. water at room temperature. 
EXPERIMENT 48. 

Determination of Pb and Sb in White Metal 
( Alternative Method )• 

Principle ; — 

The alloy is opened out as already described by 
boiling with concentrated sulphuric acid in a KjeMahl 
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flask. Sulphates of the constituent metals are formed. 
Of these the sulphate of lead is insoluble. This is 
filtered off through a Gooch crucible with asbestos as 
the filtering medium. The determination of antimony 
present in the filtrate is based on the fact that when a 
solution of potassium bromate is added to a nearly 
boiling hot solution of antimonious sulphate, the 
antimony is oxidized to the pentavalent state. The 
completion of the oxidation reaction is indicated 
by the disappearance of the red colour due- to the 
addition of methyl orange, which addition is made at 
the commencement of the titration. , The reaction is 
represented as follows : — 

3Sb,(S0J,+18H,0+2KBr08^6H,Sb0,+7H,S04 

+ 2 HBr+ 2 KHS 04 

Tin is determined from the solution left after the 
titration for antimony. The principle of the determina- 
tion is based on the reduction of tin from the tetrava- 
lent to the bivalent stage by nascent hydrogen resulting 
from the action of cone, hydrochloric acid on metallic 
antimony, powdered very fine. The bivalent tin 
is then titrated against a 0.1-JV Iodine solution in 
the presence of considerable quantity of acid. The 
completion of the reaction is indicated by the usual 
starch indicator. 

The following are the reactions : — 

Sn (S 04 ),-|- 2 H ,0 ^ Sn02+2H2S0, 

Sn02-|-2HCl-l-H3 SnCl2+2H20 

SnCl,+2HCl+I, Sna4+2HI 

Standard Solutions Required : — 

Potassium Bromate Solution. 


Dissolve 2.7852 gms. of the pure crystals in 1 litre 
of water. 1 ml. of this solution ecjuals 0.006 gm. 
^timbn^. 
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2. Iodine solution. Same as in Expt. 62 b. 
Procedure : — 

Proceed as in Exp. 47 until the filtrate from lead 
sulphate is obtained. Transfer the filtrate to a 500 ml. 
fiask and rinse the filter flask two or three times with 
dil. HjSOj (111). Raise the contents to about 
90®C. Introduce 5 to 6 drops of methyl orange. Add 
from a burette a standard solution of potassium bromate 
until the red colour of the solution is discharged. The 
number of ml. of potassium bromate solution multiplied 
by the value of the same in terms of antimony gives 
the antimony cbntent in the weight of the alloy taken. 

For the determination of tin, proceed with the solu- 
tion left after titration for Sb. Add 100 ml. of cone, 
HCl to the contents of the flask. Introduce 1 gm. of 
very fine antimony powder (flour antimony) and raise to 
a boil and boil for 5 minutes. Cool the contents of the 
flask to room temperature in an atmosphere of carbon- 
dioxide by passing this gas from a Kipp generator, 
while keeping the flask in a trough of cold water, which 
is changed every 3 or 4 minutes. When at room 
temperature, introduce 2 mi. of freshly prepared starch 
solution, and then add standard iodine solution from a 
burette until a blue colour is obtained. The iodine 
solution having a value of 0.005 gm. tin per ml. is used. 

Notes: — 

(1) In the absence of potassium bromate of the 
analytical reagent quality, the exact strength of a solu- 
tion of the ordinary quality of the same is found 
as follows : — 

Prepare a decinormal solution of potassium antimonyl 
tartrate by dissolving 16.70 gms. of the salt in exactly 
1 litre of water in a graduated flask. Pipette 20 oil. 
of this solution into a 300 mi, cocdcal flmk. Add $0 

n 
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ml. of dil H9SO4 (2 :1). Heat to foiling. Add 4-5 
dtops of methyl orange and run the potassium bromate 
solution from a burette until the red colour just 
disappears. The formula of potassium antimonyl 
tartrate is KSb0C4H40g,-5H90. 

(2) Alternatively, the bromate solution may be 
standardised against pure metallic antimony. Proceed 
as follows : Dissolve 0.6000 gm. of the pure flour 
antimony in 20 ml. cone. HgSOg in a conical flask. 
Add 20 ml. of 2:1 dil. H.SOg followed by 50 ml. of 
10% tartaric acid solution. Boil for 3 minutes to expel 
any sulphurdioxide that may have formed and that may 
remain unexpelled. Add 4-5 drops of methyl orange. 
Add decinormal potassium bromate solution from a 
burette until the red colour is just destroyed. 

(3) For standardisation of iodine solution for use 
in the determination of tin, see Expt. 62 b. 

(4) As any excess of antimony present in the solu- 
tion of tin does not have any reducing action in the 
cold on the stannic salt formed, it is not necessary to 
filter off this excess of antimony before proceeding with 
the titration of tin. 

(5) The solution of stannous chloride is very 
susceptible to oxidation by atmospheric oxygen. Hence 
the necessity to cool it down to room temperature in a 
current of carbon dioxide. It is desirable to keep the gas 
passing through the solution during the titration also. 

Determination of Copper in White Metal. 

( Alternative Method ) . 

Principle : — 

When a solution of sodium hydroxide containing 
hydrazine hydrochloride is added to the solution of the 
white metal alloys, copper is precipitated in the metallic 
femn, the o^t metals remaining completely ip solution. 
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The precipitate is filtered off, dissolved Jn nitric acid 
and the determination completed either electrolytically 
or iodimettically. 

Procedure ; — 

Dissolve 0.5 gm. sample of the alloy in about 15 ml. 
of aqua regia. When solution is complete, add 15 ml. 
of water. Strain off the crystals of lead chloride through 
paper pulp and wash them several times with small 
quantities of cold water. Add 1 gm. tartaric acid to 
the filtrate and shake until dissolved. Follow this with 
the addition of sodium hydroxide solution until nearly 
neutral. Heat 'to boiling. Run the hot solution from 
a tap funnel into a hot mixture of 30 gms. of sodium 
hydroxide in 250 ml. water containing 2-3 gms. of 
hydrazine hydrochloride. Stir briskly the latter when 
the alloy solution is being added. Rinse the tap-funnel 
3-4 times with water. Boil for 15 minutes. At the 
end of this time, the deposit of copper will have 
separated into dense flocks and the evolution of gas 
will have ceased. Filter off the copper through paper 
pulp, and wash well with hot water. Dissolve the 
deposit in a mixture of equal volumes of dil. HNOg 
(s.g.1.2) and water. Finish by the Iodide Method. See 
Expt. 59. 

When the determination of antimony only is requi- 
red, it may be carried out without a preliminary 
separation of lead. The principle of the method is the 
same as has already been described. Trivalent antimony 
is oxidized to the pentavalent condition by a standard 
solution of potassium bromate. 

Procedure : — 

Dissolve 1 gm. sample in 25 ml. cone, hydrochlo- 
ric add in a conical flask. Add occasionally a crystal 
or two of potassium chlorate to aid solution of the 
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alloy. Expel the excess of chlorine by boiling. Add 

2- 3 gms. of sodium sulphite and boil to low bulk when 
antimony passes to the trivalent condition by the action 
of sulphurdioxide. Add 50 ml. cone. HCl and about 
75 ml. water. Boil 2-3 minutes to get rid of excess of 
sulphurdioxide. When a piece of filter paper moistened 
with potassium dichromate solution does not turn 
green when held in the vapours from the boiling solu- 
tion, the latter is free from sulphurdioxide. Introduce 

3- 4 drops of methyl orange and add from a burette the 
standard potassium bromate solution until the red 
colour due to the indicator is bleached.-* 

Note : — 

(1) Copper when present in amounts exceeding 3% 
interferes with the accuracy of the method. In this case, 
the copper is eliminated as metallic copper by precipi- 
tation in an alkaline medium with hydrazine hydrochlo- 
ride. The deposit is filtered off and the determination of 
antimony proceeded with by the bromate method using 
the filtrate for the purpose. Reduction by sodium 
sulphite and elimination of excess sulphurdioxide is 
necessary. 

(2) Indication of the presence of copper, and the 
probable amounts of it, is obtained from the green 
colour of the solution on opening out the alloy. 

EXPERIMENT 49. 

Determination of Arsenic, Antimony and 
Copper in Commercial Copper. 

The determination of As, Sb, and Cu only are 
described below : — 

Principle 

The solution of the metal in HNOj yields copper 
nitrate, arsenic and antimonic acids. A small amount 
trf ferric sulphate solution is introduced into diis mix- 
aj^ the same is car^Uy heutralized by NaOH 
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until all the free acid is removed. The solution on 
dilution, boiling and treating with sodium acetate solu- 
tion, yields a precipitate containing As, Sb in the form 
of arsenate and antimonate of iron and the excess of 
iron as basic ferric acetate. This is filtered off, dissolved 
in HCl and the solution distilled after treating with 
hypophosphorous acid or cuprous chloride. The distil- 
late is collected in water. If the temperature of distilla- 
tion is kept near 107”C, the arsenic trichloride passes 
off. The residual liquid in the flask contains all the 
antimony as SbClg. To it a saturated solution of zinc 
chloride is added, thereby its boiling point is raised 
from 107”C. to about 125°C. at which temperature the 
antimony trichloride passes off as distillate. From the 
separate distillates obtained. As is determined as As 3 Sg 
and Sb as SbgSg by passing HgS. 

Ihe essential points in the process are the reduction 
of HgAs 04 and HjSb 04 to AsgO, and SbgOg respectively 
by HjPOg or CujCl, and their conversion into AsCIg 
and SbClg by treatment with cone. HCl. Of these, 
AsCl, distils off at 107®C. and SbClg distils off at 
125”C., though they distil when present by ‘themselves 
at much higher temperatures, but in the presence of 
large amovmts of other chlorides such as ZnCl, and 
HCl, they distil at the temperatures indicated. The 
following are the reactions taking place during the 
several stages in the case of arsenic. 

2H,As 04 + HgPO, — > 2 H 3 ASO 8 + HgPOg 
2H8 AsO, + 6HC1 — > 2 ASCI 3 + 6H,0 
. 2AsCl8 + SHgS — ^ AsgS, + 6HC1 

Exactly similar reactions take place in the case of 
antimony. 

Procedure : — 

Dissolve 10 gma. of blister copper in 40 ml. cone. 
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HNOg in a 1000 ml. beaket and boil the solution until 
a light gteen solid appears on the surface. Dilute to 
500 ml. with water, add 5 ml. ferric sulphate solution 
containing 3 gms. Fe per 100 ml. solution. Prepare 
this by dissolving about 21 gms. of ferrous ammonium 
sulphate crystals in 90 ml. of 1:19 HaSO^ and adding 
10 ml. cone. HNO 3 . Boil this until oxides of nitrogen 
are expelled. Add the ferric sulphate solution so made. 

Add one normal solution of NaOH to it, a little at 
a time and stir well. Stop the addition when the free 
acid is neutralised as shown by litmus, paper. No per- 
manent precipitate should form at this stage. If over- 
run, and a precipitate appears, add dil. HNO 3 in drops 
until the solution clears. Dilute the solution to about 
800 ml. with distilled water, add 30 ml. of a saturated 
solution of sodium acetate, bring to a boil, filter hot 
through a fluted paper, wash twice with hot water to 
remove copper. Repeat precipitation of any small amount 
of As and Sb that may still remain in the filtrate by 
adding ferric sulphate and proceeding as above. Collect 
on a separate filter the precipitate obtained on repeating 
the process. Dissolve the combined precipitates in the 
least amount of nitric acid. Concentrete the solution 
to a bulk of 150 ml. . Add a pinch of KClOg and con- 
centrate to 30 ml. Add 30.ml. cone. HCl. Repeat eva- 
poration to low bulk to eliminate the nitric acid com- 
pletely. 

Transfer to a 500 ml. round-bottomed flask. Add 
5 gms. CuflCla. Connect as shown in Fig. 14. Run 
100 ml. cone. HCl into the flask. Distil until ‘a vo- 
lume of 150 ml. has collected as distillate. The beaker 
in which this collects contains 150 ml. of distilled 
water. Repeat the distillation with 50 ml, more cone. 
HCl, absorbing the .distillate in a second beaker contain- 
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ing 100 ml. distilled water. The volume left in the 
distilling flask should be about 30 ml. Combine the two 
distillates, pass HaS, filter through a Gooch crucible 
with asbestos felt, dry at 100®C. and weigh. To the 
residue in the distilling flask, add 25 ml. of a saturated 
solution of zinc chloride, and 50 ml cone. HCl and 
distil. During the distillation, continue the addition of 
HCl from the dropping funnel to keep the volume 
constant, thereby preventing the separation of crystals. 

Neutralise the liquid containing the distillate with 
ammonia, make slightly acid with HCl and precipitate 
Sb as SbjSa by passing HgS. Filter’ through a Gooch 
crucible with asbestos felt. Dry at 100®C. Cool and 
weigh as SbgSg Calculate % of Sb. 

Notes : — 

(1) Arsenic may also be determined from the distil- 
late by the volumetric process shown in Experiment 
38 when standardising a solution of iodine by arseni- 
ous oxide. The free acid is neutralised by sodium 
bicarbonate and an excess of it is added. The titration 
with iodine is then made. 

(2) Of the two sulphides, AsgS^ and SbaSg, the 
latter is soluble in dil. HCl (2 : 1) whereas the former 
is insoluble. Hence the necessity for having only a 
slightly acid solution for precipitating Sb^Sj. 

(3) The reagents employed should be the purest 
obtainable. HCl may be redistilled and the distillate 
used for the Experiment. A blank run should also be 
made and an allowance made for the impurities. 

(4) ‘It is best to use a distilling flask with a one- 
hole ground-in stopper to which is fused the condenser 
tube. In the absence of this, the rubber tube connec- 
tions will serve only if the vapours do not come in 
contact with fubber. Gaseous hydrogen chloride sets 



flee H,S from lubber tubing and As appears as As,S, in 
the beaker in which the distillate collects. This should 
not happen especially when the iodine titration is 
adopted. 

(5) A metallic reducing agent like Zn will lead to 
the production of AsHg and SbHg which are slightly 
soluble gases and will pass off unabsorbed. 

Procedure for Copper: — 

Dissolve 5 gms. in 10 mi. dil. HNOt (s. g. 1.2) and 
1 ml. cone. HjS 04 , evaporate to fumes, dilute with 1 5 
ml. HaO, filter off PbS 04 . Dilute filtrate to about 50 
ml. Add NaaCOg until a slight precipitate forms. Add 
glacial acetic acid until the precipitate dissolves. Add 
2-3 ml. more. Make up to 250 ml. Titrate 20 ml. 
with standard NaaSaOa, after adding KI. See Expts. 
38 and 59. 

EXPERIMENT 50. 

Analysis of Aluminium Alloys. 

The principles and the procedure for the analysis of 
duralumin which is typical of this class of alloys are 
described below. Modifications in the procedure to 
suit the case of those aluminium alloys in which 
titanium, nickel, magnesium etc. are absent, will be 
pointed out. 

Duralumin is an alloy containing the following : — 
Silicon, Copper, Iron, Aluminium, Manganese, Zinc 
and Magnesium. 

Determination of Silicon : — 

Principle : — When the alloy is opened out with a 
mixture of hydrochloric, nitric and sulphuric acids, 
silicon is oxidised to silicic acid and the metals are 
converted into sulphates. The silicic acid is dehydrated 
pn eva|>oradon to ^^ines of sul|)hur trioa4c. Th« 
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residue on evaporation is boiled with dilute sulphuric 
acid and filtered. The residue on the paper is ignited 
in a platinum crucible and weighed. By the hydrofluo- 
risation treatment described in Experiment 56 the 
weight of pure silica is obtained. 

Solutions required : — 

1. Dilute Sulphuric acid s.g. 1.2. Pour 250 ml. 
of cone, sulphuric add into 750 ml. of cold distilled 
water. 

2. Acid Mixture : — Mix 1200 ml. of Solution 
No. 1 when cold with 600 ml. of HCl ( s.g. 1.2 ) and 
200 ml. of HNbg ( s.g. 1.42 ). 

Procedure : — 

Dissolve 1 gm. sample in 30 ml. of the ‘Acid 
Mixture’ in a covered casserole. When action has gone 
on at room temperature for a few minutes and the 
drillings have dissolved, boil the solution and evapo- 
rate to copious fumes of sulphur trioxide. Cool. Dissolve 
in 100 ml. water and 25 ml. of dil. H,S 04 ( s. g. 1.2 ). 
Boil until all the sulphates are in solution. Filter 
through an ashless filter paper containing paper-pulp. 
Wash with hot water until free from sulphates. Ignite 
in a platinum crucible, cool and weigh as SiOj-f-TiO,+ 
AlgOg. Treat the ignited residue with 2-3 ml. of water, 
5-10 drops of cone. HgSOi and 5 ml. of HF. Evapo- 
rate to fumes of HaS 04 . Ignite strongly. Cool and 
weigh. From the difference, calculate the percentage 
of silicon. 

Notes : — 

f 1 )« In very accurate work, a second evaporation 
of the filtrate to fumes is necessary to recover the small 
amounts of silica that remain in solution. 

( 2 ) A blank for die silica impurity in the reagents 
should Be run along with the stctual ruOt 
- 32 
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( 3 ) A datk coloured residue remaining after the 
ignition of the silica residue is graphitic silicon. This 
can only be attacked by fusion with NagCOg. Fuse this 
with about 2 gms. Na^COg in the same crucible, extract 
with water, transfer solution to a casserole, add 50 ml. 
of Solution No. 1, evaporate to fumes, cool, dissolve in 
100 ml. water and 10 ml. of Solution No. 1, filter, ignite 
and weigh and complete as already described. 

Determination of Copper : — 

This is determined from the filtrate from silica either 
by the iodide method or by electrolysis. For the prin- 
ciple of the Iodide method, see Expt, 59. For the 
Electrolytic method, see Expt. 43. 

Procedure for the Iodide method : — 

Heat the filtrate from silica to boiling. Pass a rapid 
stream of HgS for 5 minutes. Filter through a low-ash 
filter paper of 7 cm. diameter. Wash the precipitate 
of copper sulphide with HgS water. Ignite in a porce- 
lain crucible. Transfer the cupric oxide to a 250 ml. 
conical flask. Wash out the crucible with about 5 ml. 
of hot dil. HNOg (1 : 1). Add 1-2 ml. of cone. HgSOg. 
Evaporate to fumes. Cool. Dissolve in water. Add a 
solution of NagCOg until the free acid is neutralised and a 
ppte. of copper carbonate is obtained. Dissolve the 
precipitate in dilute acetic acid. Add 3-5 ml. of glacial 
acetic acid, 25 ml. of water, boil gently until every 
thing is in solution. Cool, add 2-3 gms. of KI and 
titrate against 0.05 JV sodium thiosulphate solution. 
Note : — 

In cases where the percentage of copper is Very low, 
a 2-gffl. sample should be taken. ' • 

Principle of Separation of Copper as a prelimi- 
nary to the Electrolytic Method 

"When the alloy is treated with sodium hydroxide 
solution^ alumipiuin aod aiinc ^o into sol^tiop as sodium 
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aluminate and sodium aincate ; copper, iron, manganeso 
and magnesium are unaffected. These are filtered oflF 
and dissolved in HNOg. The solution is boiled to expel 
oxides of nitrogen, sulphuric acid is introduced and then 
the electrolysis of the solution is carried out. 

Solutions Required 

1. Dissolve 250 gms. of NaOH in distilled water 

and dilute to 1 litre. Use a Pyrex beaker. 

% 

2. Dilute Nitric Acid. Dilute 500 ml. of HNO. 
(s.g. 1,42) to 1 litre with distilled water. 

Procedure : — 

Dissolve 10 gms. of the sample in a 750 ml. beaker 
using 150 ml. of the NaOH solution. As the action is 
vigorous, add the NaOH solution in small quantities at 
a time. Slow down, if necessary, the vigour of action 
by surrounding the beaker in which solution is effected, 
with cold water. Complete the solution by warming. 
Dilute to 600-700 ml. with boiling hot distilled water. 
Filter. Wash with water. Dissolve the residue on the 
paper by pouring 25 ml. of hot HNOg (1 : 1) on it. 
Collect the solution in a tall form 200 ml. capacity 
beaker. Wash the filter paper with hot water, boil to 
expel oxides of nitrogen, introduce 6-8 ml. of 1 : 1 
HjSOi and dilute to about 150 ml. Electrolyse using 
a current density of 3-5 amperes and a platinum 
gauze cathode. Ascertain completion of electrolysis 
by the absence of dark coloration when HgS water is 
added to one ml. of the solution withdrawn from 
die electrolytic bath and introduced into a porcelain 
crucible. When completed, lower the beaker, without 
breaking the circuit, and wash the cathode with 
water. Disconnect, dip the cathode in a large size test 
tube conta.ining ethyl alcohol or rectified spirit, shake 





off the spirit, dry over a small spirit lamp flame. Cool 
in a desiccator and weigh. Increase in the weight 
of the cathode is copper. 

Note : — 

Any brown-coloured stain or deposit on the anode 
is an indication of the presence of lead or manganese or 
both in the alloy. 

Determination of Manganese : — 

Principle : — Sefe Expt. 22. 

Special Acid Mixture Required for dissolving 
the alloy for this determination : — Add slowly 400 ml. of 
H,SO« (s.g. 1.84) to 200 ml. of water in a beaker. Cool 
to room temperature. Add 400 ml. of HNOg s. g. 1.42. 
Make up to about one litre with distilled water. 

Procedure : — 

Dissolve 1 gm. sample in 30 ml. of the acid mixture 
with the aid of heat. When solution is complete, boil 
off the oxides of nitrogen. Dilute to 100 ml. with 
boiling hot water, add 10 ml. of AgNOs solution and 
then 30 ml. of the persulphate solution. Heat for 2-3 
minutes after the addition of the above. Cool to 
room temperature. Add from a burette sodium arsenite 
solution until the pink colour is discharged. 

Note : — 

When the percentage of manganese is high, (i.e.), 
about 0.5%, use a half-gram sample of the alloy. 

Determination of Iron : — 

Principle : — 

The alloy is opened out with NaOH and' filtered. 
All the iron will be in the residue along with 
copper, manganese, magnesium with small amounts of 
aluminium. 

The residue is dissolved in HCl with the help of 



bromine. ’Fe (OH)j contaminated with a small amount 
of A1 (OH)a is precipitated by NH4OH. The precipi- 
tate is filtered off and freed from the adsorbed copper 
by re-solution in HCl and reprecipitation with sodium 
hydroxide solution followed by filtration. The preci- 
pitate is dissolved in HCl. The solution is treated with 
excess of ammonia solution, boiled and filtered. The 
residue is pure ferric hydroxide. This is ignited and 
weighed as FcjOg. Alternatively, Fe is determined 
volumetrically. See Expt. 10. 

Procedure : — 

Dissolve a 2 gm. sample of the alloy in 50 ml. of 
25% NaOH solution in a large size beaker (600 ml. 
capacity). Slow down if necessary vigour of attack by 
cooling the beaker in a water-bath. When all the Na- 
OH has been added, heat for a few minutes, dilute with 
boiling hot water to a volume of about 500 ml. Filter. 
Wash the residue on the paper with water until free 
from NaOH. Pour 15 ml. of 1 : 1 HCl to which a few 
drops of bromine water have been added on the filter 
paper. Receive the solution in a 150 ml. beaker. Re- 
peatedly pour the same add until the residue is com- 
pletely dissolved. Wash with water. Add NH 4 OH until 
in slight excess. Boil for a minute. Filter. Wash the 
residue two times with water. Pour 10 ml. of boiling 
hot 1 : 1 HCl on the filter paper. Collect the solution 
in a 150 ml. beaker. Repeatedly use the same solution 
to dissolve off Fe (OH )3 from the filter paper. Add 
NaOH solution until alkaline. Boil. Filter. Wash the 
residue on the paper until free from alkali. Dissolve the 
predpitatein 10 ml. of 1 : 1 HCl. Add NH^OH in slight 
excess. Boil for 1-2 minutes. Filter. Wash free of 
chlorides. Ignite the precipitate of pure Fe (OH), in a 
porcelain crudble and weigh as Fe,0,. Calculate % Fe 
in the alloy . 
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Determination of Zinc : — 

Principle : — 

The alloy is opened out with NaOH solution and 
filtered. The filtrate contains all the zinc and very near- 
ly all the aluminium in the alloy as sodium zincate and 
sodium aluminate. On passing HjS through the solu- 
tion, zinc sulphide is precipitated contaminated with 
only a small amount of aluminium hydroxide, if the 
gassing is stopped at the stage when the bubbles of gas 
escaping from the surface are just coated with a precipi- 
tate of A1 (0H)3. The precipitate is filtered off, and 
washed free of NaOH with water containing Na^S. 
The precipitate is dissolved in HCl containing a little 
bromine. It is boiled to expel the bromine and then 
treated with NH4OH in slight excess. The precipitate 
of A1 (0H)8 is filtered off. The filtrate is made nearly 
neutral by adding HCl and the zinc precipitated as zinc 
ammonium phosphate. This is ignited to pyrophos- 
phate and weighed. 

Procedure : — 

Operate on 1 to 2 gm. sample, using for solution 
25 ml. of 25% NaOH solution per gm. sample. For de- 
tails of precipitation of zinc as zinc ammonium phos- 
phate, see Expt. 50. 

Notes : — 

(1) The ordinary qualitative procedure for the se- 
paration of zinc from aluminium by precipitating the 
latter as A 1 (OH)j by means of NH4CI and NH4OH is 
open to the objection that the precipitate adsorbs consi- 
derable amounts of zinc which it becomes difficult to 
eliminate completely even by repeating the precipitation 
twice. The filtrate if proceeded with for zinc gives low 
values for the same. The procedure described is free 
from this objection as the precipitation of aluminium 
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in alkaline solution does not take place at all ; or if it 
does take place, the amount precipitated is very small. 

(2) The volumetric procedure for zinc by titrating 
with a standard solution of potassium ferrocyanide 
has not been found to give accurate and concordant 
results. Hence the precipitation of zinc as ZnNH 4 P 04 
is preferred. 

Alternative Method for the Determination 
of Zinc : — 

In the absence of nickel and mangnese, the following 
procedure as an alternative to that described above may 
be adopted ; — 

Principle : — The alloy is opened out with a mixture 
of the three acids, HCl, HNOg and HaSO^, the copper 
thrown down as copper sulphide by passing hydrogen 
sulphide, the ppte. filtered off and zinc precipitated from 
the filtrate by mercuric potassium thiocyanate. 

Reagents Required : — 

1. Mixed Acids. — Pour 150 ml. of cone. HgSO^ 
into 700 ml. of water contained in a flask. GdoI. Add 
75 ml. of cone. HNOg. Shake. Add 75 ml. of cone. 
HCl. Mix well. 

2. Mercuric Potassium Thiocyanate Solution. 
Dissolve 54 gms. of HgCl,, i. e. ^ of its gm. mol. wt. 
in water in a large size flask. Dissolve in a second flask 
78 gms. of KCNS, i. e. % of four times its gm. mol. wt. 
in water. Mix the two solutions and dilute to about 
1000 ml. Filter the solution before use. 

Procedure : — Dissolve 1 gm. sample of the alloy 
in 35 ml. of the mixed acids in a 150 ml. capacity 
casserole. Heat on a mush-room top burner to hasten 
solution. Boil down to fuming and fume for 10 
minutes. Cool. Dilwte to 200 ml. vith 'W^atei and hpil 



until a clear solution is obtained. Through the hot 
solution pass a rapid stream of hydrogen sulphide to 
precipitate any copper. Filter off the combined preci- 
pitate of silica and copper sulphide using a No 4 What- 
man paper, and collecting the filtrate in a 400 ml. 
beaker. Wash the precipitate with hydrogen sulphide 
water containing per 100 ml. 2 ml. of cone. HgSO^. 
Boil down the filtrate to about 60 ml., filter into a small 
beaker of about 150 ml. capacity, having a mark to 
indicate a volume of 75 ml. Cool and dilute 'to the 
mark. Add 25 ml. of filtered mercuric potassium 
thiocyanate solution. Stir and let stand overnight. 
Filter through a Gooch crucible with asbestos packing, 
wash the ppte. with 2% potassium mercuric thiocyanate 
solution and finally with water. Dry at a temp, of 
105° to 110°C. Cool and weigh. To convert the weight 
of the ppte. into zinc multiply by O' 1266. The ppte. is 
white. A light pink colour may be ignored. 

Notes : — 

The time taken for an analysis may be shortened by 
filtering through a weighed Jena 1G4 filter crucible. 

In the presence of nickel and/or manganese, proceed 
as follows . — 

Open out a 2 gm. sample of the alloy with 40 ml. 
of 20% NaOH. When the attack is complete and no 
more action is visible, add 25 ml. of 10%Na2S solution, 
dilute to 300 ml., raise to a boil, allow to settle and 
filter on a pulp pad. Wash residue on the pulp with 
hot water containing pet 100 ml. 1 gm. NaOH and 
0 5 gm. Na 2 S. Reject the filtrate. ' . 

Extract the residue which will consist of the sul- 
phide of zinc and the metals Cu, Fe, Pb, Mn, Ni and 
Mg, with dil. HNOa (1 : 1). Wash with hot water. 
^Collect thp orta'apt a«d vasb in a qssenaje, Add 
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5 ml. cone. HgSO^. Evaporate to dense fumes: Cool. 
Dilute with hot water to 250 ml. Heat to boiling. Pass 
HqS until saturated. Filter. Wash residue on the paper 
with HgS water. Collect the filtrate and wash water in a 
400 ml. beaker. Reject the residue consisting of CuS and 
PbS, as these have been determined on a portion of the 
sample opened out at the very outset with a mixture 
of acids. Proceed with the filtrate as follows : — 

Boil off HgS. Add 1 ml. of cone. HNO3 . Boil again 
to oxidise the ferrous iron to the ferric state. Dilute 
to 300 ml. Add a few crystals of ammonium persul- 
phate, 5 gms. NH4CI and ammonia solution until the 
medium is ammoniacal. Boil until only a faint smell of 
ammonia is noticed. By this means Mn is precipitated 
as Mn02. Filter this off on a pulp pad, collecting the 
filtrate in a 600 ml. beaker. Wash the pad with the 
residue with hot water containing per 100 ml. 1 gm. 
NH4NO, and 5 ml. of NH4OH of S. G. 0.90. 

Extract the residue consisting of Fe (OH)„ A1 (OH), 
and MnO, with a mixture of 10 ml. dil. HNO, (1:1) and 
5 ml. HgSO,. Collect the extract in a 400 ml. beaker. 
Dilute to 100 ml., boil to expel SO, , dilute to 300 ml. 
and precipitate Fe, A1 and Mn as before by adding 
ammonium persulphate, ammonium chloride and amm- 
onia. Filter on a pulp pad and collect the filtrate in 
the beaker in which the first filtrate from Fe, AlandMn 
was collected and evaporated. The double precipitation 
serves to eliminate any zinc, nickel and magnesium salts 
adsorbed by the hydroxide precipitate. 

Determine Mn in the residue as in Expt. 22, after 
dissolving the same in a mixture of HNO, and H,SO, 
and expelling the SO, by boiling. 

Determine Ni from the combined filtrate a$ 
33 
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follows: — Desttoy the excess of ammonium persulphate 
by boiling the filtrate with HgSOj until the volume is 
about 250 ml. Add to 1 gm. ammonium acetate to react 
with the sulphuric acid resulting from the decomposi- 
tion of (NH^a S2O8 and the oxidation of HaSOj. Make 
just ammoniacal and precipitate the nickel as the nickel 
complex by the dimethyl glyoxime reagent and finish 
as in Expt. 28. Alternatively, filter through a weighed 
I G 3 Jena crucible, washing with cold water. Dry 
at 110°-120°C. Cool and weigh. The use 'of this 
crucible shortens the time taken in making a nickel 
determination. 


Determination of Magnesium : — 

Boil down the filtrate from the nickel complex to 
about 250 ml., make acid with acetic add and pass 
HgS through the hot solution for 30 minutes. Allow to 
settle and filter through pulp pad. Wash residue with 
HaS water containing 1 to 2 gms. NH4CI pet 100 ml. 
Determine Mg from the filtrate as in Expt. 11, i.e. 
precipitate as MgNH4P04, filter, ignite, cool and 
weigh as Mg2P20j. 

The time taken for the Mg determination as Mgg 
P2O, may be shortened by the use of a new reagent. 
This is known as 8 — ^hydroxy quinoline. It has the 
formula CgHg NOH and is soluble in alcohol and 
in acetic add. The following scheme shows how 
8-hydroxy quinoline may be supposed to be derived 
from benxene : — 



N 



CH 


Pyridine, 
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N 


N 


OH N 



A 5% solution is used. The precipitate formed with 
Mg salts has the formula when dried at lOS^C 
( QHgN.O )g Mg, 2 H 2 O. This corresponds to 6.98% 
Mg. The medium in which the precipitate is formed 
is ammoniacal. The precipitate on strong ignition 
changes to MgC."). 

Procedure : — 

Boil down the filtrate from the zinc sulphide to 
about 150 ml. Add 25 ml. of a 5% solution of the 
reagent in alcohol, then 15 ml. of 0.90 s.g. ammonia. 
Heat just to the boil and let stand on a hot plate for 15 
minutes. Filter off the ppte. on a Berlin A 1 crucible, 
wash with hot water containing per 100 ml. of it 5 ml. of 
0.90 s.g. ammonia, ignite, cool and weigh as MgO. 


Notes : — 


The precipitation by means of the reagent can be 
effected only after the interfering elements like iron, 
aluminium, manganese, nickel, cobalt and titanium have 
been eliminated. The solution in which the precipita- 
tion takes place will acquire a yellow colour if the rea- 
gent is added in excess. 

Procedure for Zinc : — 

Extract the residue of ZnS on the pulp filter with 
10 ml. of hot 1 : 1 HCl. Wash with hot water. Add 8 
ml. of 1.5 s.g. HgSOg and heat to fuming. Cool, dilute 
to 30 ml., boil and filter into a small beaker. Cool and 
precipitate zinc as z\qc mercuric thiocyanate. Let stand 
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for 12 hrs. and filter through a weighed Jena I G 4 
filter crucible. Wash' with 2% mercuric potassium 
thiocyanate solution, dry at llO^C., cool and weigh. 
Factor = 0*1266. The ppte. has the formula Zn 
[ Hg (CNS), ] 

EXPERIMENT 51. 

Determination of Lead in Pig Lead : — 
Principle: — 

When the pig chips are dissolved in dil.. HNOj, 
lead nitrate is formed. This is changed to sulphate by 
fuming with HJSO4. The sulphate is filtered off, dissol- 
ved in ammonium acetate and the lead acetate solution 
obtained is titrated with ammonium molybdate, using 
tannin solution as the external indicator. 

Procedure : — 

Dissolve 0.3-0.5 gm. in 25 ml. dil. HNOg (s.g. 1.2) 
in a 150 ml. covered beaker. Evaporate to fumes with 
5 ml. cone. HgSO^. Pour contents into a 400 ml. beaker 
containing 50 ml. water, dilute to 100 ml. Filter off 
the lead sulphate through a filter paper, dissolve ppte. 
in ammonium acetate and proceed exactly as in 
Experiment 62e. 

Note : — 

The molybdate titration is available only after the 
removal of interfering elements like Cu and Bi. These 
are present in pig lead. They remain in solution when 
HjSO^ is added, the lead alone being precipitated. 

EXPERIMENT 52. 

Analysis of Spelter. 

The chief impurities in spelter are the following : 

Cu, Cd, Pb, Fe, and As. 

Principle of the Colour Method for Iron : — 

When to a solution of FeClj potassium thiocyanate 
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solution is added, a blood red colour is produced. The 
depth of colour is proportional to the quantity of iron 
present. 

Solutions Required : — 

1. Potassium Thiocyanate : — 60 gms. in 1 litre of 
water. 

2. Ferric Chloride. Dissolve 0.07 gm. (70 mgms.) 
of ferrous ammonium sulphate cyrstals in 5 ml. dil. HCl 
(s.g. 1.1). Dilute to 150 ml. Add 0.2% KMnO^ solution 
until just pink. Dilute exactly to 1 litre. 

1 ml. FeClj = 0.01 mgm. Fe. 

Procedure for Fe : — 

Dissolve 10 gms. of the sample in 30 ml. cone. HCl and 
5 ml. cone. HNOg. Dilute to about 500 ml. with water, 
heat to 70'^C. and saturate with HjS, filter (reserve residue 
Rj), evaporate filtrate to 100 ml., add a drop of cone. 
HNOj to oxidise ferrous to ferric condition, boil, add 
NH4OH, until slightly ammoniacal (test with litmus 
paper) and filter. Dissolve the ferric hydroxide in 2 ml. 
dil. HCl ( s.g. 1.1 ). Make up to 200 ml. in a 200 ml. 
graduated flask. Introduce 201111. of the standard FeCl, 
solution into a colour comparison tube. Into its pair, 
introduce 20 ml. solution of the sample from the 200 
ml. measuring flask. Add to each tube 1--2 mis. of the 
KCNS soln. . Mix. Hold the two in front of a white 
sheet of paper pasted to the glass pane of a window. 
Dilute the darker solution on until it matches the 
colour of the other. 

Example : — 

At '30 ml. dilution, the sample matched the standard 
whose volume was 25 ml. It therefore contains : — 

0.024% Fe 

Procedure for Pb: — 

Dissolve the residue Rj from H,S treatment in a 
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mixture of 10 ml. cone. HCl and 5 ml. bromine water. 
Boil free from bromine, re-precipitate by passing HgS, 
filter, wash and dissolve residue in 5 ml. HNOg and 
1 ml. bromine, evaporate to fumes with H2SO4, cool, 
dilute, filter off PbS04, and determine Pb by the molyb- 
date method after dissolving PbS04 'in ammonium 
acetate as in Experiment 62 e. 

Procedure for Copper : — 

Dilute the filtrate from the lead sulphate precipitate 
to 150 ml., add 20 ml. cone. H2SO4, pass H2S, filter 
off CuS, wash, dissolve in hot cone. HNO3 and proceed 
by the iodide method as in Experiment 59. 

Procedure for Cadmium : — 

Neutralise the filtrate from CuS with NH4OH, 
make just acid with dil. HCl ( 1:4 ), pass HgS, filter 
off the yellow cadmium sulphide precipitate, dissolve 
it in a little H3SO4 ( s.g. 1.2 ), transfer to a weighed 
platinum dish, evaporate to fumes, ignite at a dull 
red heat and weigh as CdS04. CdS04 begins to 
decompose at 827 ”C. 

Determination of Arsenic- 
Principle : — 

When the sample is shaken with copper sulphate 
solution, zinc sulphate is formed and metallic copper 
separates out. The arsenic changes by the treatment 
into a mixture of arsenic and arsenious acids. The 
former is reduced to arsenious acid by the addition 
of ferrous chloride in the presence cone. HCl. The 
mixture is then distilled. When the distillation is carried 
out at a temprature of 107°C., the arsenic trichloride 
distils off uncontaminated either by antimony or tin 
chlroide. The distillate is hydrolysed by water. On 
passing H2S into it, arsenic trisulphide is obtained. This 
is filt^ed off, dried and weighed. 
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Procedure iot Arsenic 

Dissolve 20 gms. of the metal in a solution of 
copper sulphate containing 90 gms. of the salt. Transfer 
to a distillation flask, 500 ml. capacity, add 10-15 gms. 
of potassium chloride, 5 gms. ferrous chloride and 
50 ml. cone. HCl. Distil off the AsCl, and collect in 
water in a beaker. Pass HaS into the distillate, filter oif 
AsgSj through a Gooch crucible with asbestos felt, 
dry at 100°C. and weigh. From the weight of AsgS,, 
calculate the 7 , of arsenic. The details for distillation 
are shown in Expt. 38. 

Note 

One modification of the procedure consists in 
treating the sample with potassium bromide and ferric 
chloride in the presence of HCl and then distilling off 
the arsenic as the trichloride. The reducing agent in 
this case is hydrobromic acid from the potassium 
bromide. The quantities recommended are 8 gms. 
FeCIg crystals and 3 gms. KBr. per gm. of sample. 

Procedure for Tin : — 

Dissolve 20 gms, of the sample in 100 ml. HNO, 
(1:1), evaporate to near dryness, add 100 ml. boiling 
water, filter, wash, dry, ignite and weigh as Sn02. 
Procedure for Zinc : — 

Determine zinc on a 0.5 gm. sample by the 
volumetric method described in Expt. 41. 



CHAPTER VI. 

ASSAY OF ORES AND BULLIONS OF 
PRECIOUS METALS. 

EXPERIMENT 53 

Determination of Gold in Gold Ore. 
Introductory : — 

The methods which have been described so far are 
‘wet methods* but the one adopted for gold is known 
as the ‘dry’ or ‘fire’ assay. The fundamental difference 
in the method now to be described is due to the fact 
that the gold content of most ores is very small, being, 
in the case of fairly rich ores, 0.005“^. Poorer grades 
of ore than this have often to be dealt with. To obtain 
a weighable amount of gold, it is necessary to start with 
a large quantity of material, about 30 gms., and the 
operation of treating this for solution by the ordinary 
‘wet methods’ followed by the filtration of the soluble 
from the insoluble portion is tedious and does not lead 
to results commensurate with the labour involved. 
Hence the only method adopted is the one of ‘fire-assay’. 
Principle of the ‘Fire- Assay’ : — 

When the ore (60-80 mesh) is fused in a fire-clay 
crucible with a properly proportioned mixture of sodium 
carbonate, litharge, charcoal and borax glass, the gangue 
material consisting of SiO, forms a silicate with Na,CO, 
which, under the conditions of heating, is in the form of 
a liquid. The lead monoxide is reduced by the charcoal 
and the metallic lead formed by the reduction trfckles 
to thp bottom of the crucible carrying with it all the 
jparticles of gold and any silver that may be present, in 
the form of an alloy. The function of the borax glass 
is to thin the slag and combine with the o^des pf Cu, 
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Fe and Mn, that may also be present in the ote, forming 
the borates of these metals. The mixture of silicates 
and borates being light floats to the top, and the lead- 
silver-gold alloy being heavy sinks to the bottom of 
the crucible. After allowing sufficient time for good 
separation, the melt (slag and alloy) is poured into a cast 
iron mould which has been slightly coated over with 
graphite and warmed. When the same has solidified in 
the mould, and become cold to the touch, it is removed 
from the mould and hammered to separate the alloy from 
the slag. The alloy is then hammered and roughly 
weighed. 

Cupellation ; — 

The next operation consists in separating the gold 
and the silver from lead. The process which effects a 
separation of the two metals, gold and silver, on the 
one hand, from lead on the other, is known as ‘CUPEL- 
LATION’, on account of the fact that ‘CUPELS’ 
arc'used in the process. These are vessels made of 
bone-ash. The operation is conducted in a muffle 
furnace, the temperature of which is at about 10U0'’C. 
A cupel is heated in .the muffle. Into the hot cupel, 
the gold-silver-lead alloy, known as a ‘lead button’, is 
introduced. It melts and, under the oxidising action of 
the atmosphere, litharge forms, melts and boils. A 
large part of this is absorbed by the cupel and a little 
volatilises. When all the litharge has been absorbed, a 
bright globule of metal makes its appearance in the 
cupel. This is then drawn to the mouth of the muffle 
and covered by a second cupel. When the temperature 
has fallen to about 600®C., the cupel is transferred to 
a cupel-tray and there it is allowed to cool to room 
temperature. The button of gold and silver is cleaned, 
with a tooth-brush, free of adhering slag and, weighed 
in a bullion balance, 
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Parting : — 

The product of cupellation is an alloy of gold and 
silver. The determination of each of these is carried out 
by a process known as ‘parting’. The principle of 



Fig. 18h Fig. 18ii Fig. 18ia Fig. 18jj 

Basket-tongs. Cupel-tongs 





Fig. 18j, Fig. ISkj Fig. ISk, Fig. 18 1. 

Cupel tongs. Parting-flasks. Annealing Pott 

‘patting’ is as follows : — when a gold-silver alloy 
containing three parts of silver to one part of gold is 
treated with nitric acid, silver dissolves readily leaving 
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behind gold as a residue. This is transferred to a 
porcelain crucible, heated to a dull red heat when the 
yellow colour of gold appears. This is brushed on to 
one of the pans of a bullion balance and weighed. 

The weight of gold subtracted from the weight of 
gold and silver gives the weight of silver. 

A C A 



Fig. 18m 
Flattening Rolls. 




A C A 

Fig. 18n. 

Disposition of Checks and Assays. 



Fig. 18p Button-Mould. 

The principles of the fire-assay and the several steps 
leading to the final form of report have been outlined 
above. Owing to the high cost of the metals, it is of 
the utmost importance that the conditions of perfor- 
ming the assay should be so standardised that there 
will not be any discrepancy when the same material is 
analysed by two assayers. Some of the conditions, the 
observance of which is conducive to concordant 
results by the. same assayer or by different assayers 
working on the same material, are : — 
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1. A clean separation of the slag from th«»f values.’ 
This is brought about by the addition of borax glass 
to the charge and the correct amounts of lead oxide 
and charcoal. 

2. Maintenance of the proper temperature during 
cupellation. Too high a temperature leads to volatilisation 
losses of gold and silver whereas too low a temperature 
leads to the freezing of the lead oxide and the cupellati- 
on does not progress. 

3. On account of the volatilisation loss that always 
occurs, it is necessary to run a ‘check’ or blank assay, 
that is to say, a gold-silver alloy is made which 
approximates in composition to the assay under test, 
the loss or gain is noted and a corresponding allowance 
made for the assay under test. 

4. ‘Parting’ will be clean only if the silver in the 
alloy is 2.5-3 times the weight of gold present. If not 
present in that proportion, tlie alloy must be enriched 
in silver by adding to it pure silver when starting cupel- 
lation. The appearance of the cupelled button gives 
an indication as to whether or not silver is present 
in the proper proportion. If it has any the slightest 
yellow sheen, silver must be added. If there is no 
suggestion of yellow, the alloy will part clean without 
the addition of silver. 

5. The balance used for weighing the gold and 
the silver is known as the ‘bullion balance’. It weighs 
correct to 1/100 of a milligram. 

I'he following are the weights ordinarily provided 
in a box of weights suitable for use with this type of 
balance: — 


111 
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No. of Weight of 

units each 


1 

1 

1 

2 

1 


0.5 gm. 
0.25 „ 

100 mgni. 


Material of the rider 


gold 

silver 


•No. of Weight of 

units each 


1 10 mgm. 

2 5.0 „ 

1 2.5 „ 

1 1.0 „ 

2 0.5 „ 

Weight of the rider 

5 mgm. 

1 mgm. 


s » 

6. An allowance must be made for the content of 
gold and silver that may be present in the litharge used. 
For this a blank fusion must be run. The charge for 
the blank is as follows : — 

PbO 1 Assay-ton ( abbreviated to A.T. 

which is explained below ) 

NajCO, (anhydrous) 1| A. T. ( about 50 gms. ) 

Charcoal 1| gms. 

Borax glass J A. T. (about 8 gms.) 

The melt is poured into a mould and allowed to 
solidify and cool to about the room-temperature. The 
slag is hammered off and the lead button cupelled. 
The button of precious metal, which is silver, is 
weighed. This is the blank to be allowed for in all 
assays using the same lot of lead monoxide. 

The weight of ore entering into a charge is often 
expressed in a unit known as the ‘Assay-ton’. The 
object of introducing this term will be clear from the 
following : — The unit of weight chosen for transactions 
such as the buying and the selling of precious metals in 
Europe and America is the ounce Troy. The units of 
weight used in India for this purpose are the tola and 
thebharee, divided into mashas and rattles. 1 tola^ 12 
tnasbas=96 ratdes. 1 Bhatee=10 mashassSO rattles. 
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1 o2.Tfoy=480 grains. 

The values of an ore are to be expressed in 02 s. 
Troy per ton of 2240 lbs. (Avoirdupois) . 

1 long ton=2240 lbs. 

=2240x7000 grains 
_2240 x 7000_ 

580 Troy. 

_9^000 32666.6 02 s. Troy. 


If 32.6666 02 s. of ore contain 1/1000 02 . gold, then 
1 ton of it will contain one 02 . gold. 

If 32.6666 gms. of ore contain 1/1000 gm. gold, 
the value per ton of ore will be 1 02 . gold. 

If the weight of ore taken is 32.666 gms. and the 
weight of gold in it is expressed in mgms., then the 
number of milligrams also expresses the number of 02 s. 
of gold per ton of ore. Hence the ‘Assay-Ton’=32.666 
gms. 

The other materials entering into a charge are 
by some writers expressed in gms. and by some in 
Assaytons. The latter practice arises from the fact that 
it is convenient to use the box of weights containing 
multiples and sub-multiples of the assay-ton for 
weighing the ore as well as the other constituents of 
the charge. 

(2) The ore and the fluxing materials charged into a 
fire-clay crucible are known as the ‘charge’. The ores 
are either * straight or ^complex'. Those having quart2 
as the major gangue material represent the first type 
while those containing iron pyrites, telluride of gold, 
stibnite, arsenical pyrites, are complex. Usually the 
latter type, especially the arsenical ores, require a preli- 
minary treatment before charging into a crucible. Such 
treatment takes the form of a roast in a fire-clay 4ish 
known as a ^scarifier*. 
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The nature and the quantity of the fluxing materials 
are largely determined by the nature and the quantity of 
the gangue. The following is a table of typical charges 
for the class of ores mentioned : — 



Quartz 

1 

Basic 

( 

Highly 

Oorgaum 

Column 4 

- 

or acid 

or 

oxidised 

pyritic 

Mines ore. 
(The Kolar 

express- 

ed 


ore. 

ore 

ore 

Gold field, 
Mysore) 

in A.T. 


1 j 

2 

3 

4 

5 

Ore 

1 A.T. 

1 A.T. 

1 A.T. 
ore roast- 

1000 grains 

2 A.T. 




cd with 

1 5 gms. 

1 





sand. The 






roasted 
product 
is used. 



Anhydrous \ 






Sodium 1 

1.75A.T.i J A.T. 

2 A.T. 

1368 grains 

2.75 A.T. 

Carbonate j 





Litharge 

Charcoal 

1 ” 
1^- gms. 

1 ” 
2-5 gms. 

1 1 >> 

2-5 gms. 

460 ’’ 

1 A.T. 



Flour 1 
(Wheat) J 
Borax glass 

1/4 A. T. 

3/4 A.T.j 

— 

i . 

1 32 grains 

2 gms 

1 A.T. 

640 grains 

1.3A.T. 

Borax 

Silver i 


Nitrate / 




2.5 ” 

10 ml. 

i 0.1 N- 
strong 


To avoid having to add silver and then cupel, 
preliminary to parting, it is sometimes added in the 
form of silver nitrate solution to a crucible charge. 


This is possible only when dealing with known ores. 
With strange or unknown ores, a preliminary ass’ay is 
necessary to decide whether silver nitrate is to be added 
or not to the crucible charge to obtain a gold-silver 
button, after cupellation, of satisfactory composition for 
successful and correct parting. 
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,“tai 

The quantities of chemicals to be calculated for a 
charge are obtained from the following reactions 

Na^COj + SiOj — ^ NajSiOg+COj (i) 

106 gms. 60 gms. 

As 60 gms. of silica react with 106 gms. of sodium 
carbonate, one assay-ton ore will react with 1 06/60 x 32.6, 
i.e., approximately 56 gms. of sodium carbonate. 

2PbO + C — >2Pb + COg (ii) 

2 X 223 gms. 12 gms. 

12 gms. of carbon will reduce 446 gms. of litharge 
and yield 414 gms of lead. T gm. of carbon will yield 
34.5 gms. of lead. As the reducing agent commonly 
employed is not pure carbon but wood-charcoal, its 
reducing power per gm. is only about 20 gms of lead. 
A convenient weight of lead button to cupel being 
about 20-25 gms. of lead, the weight of charcoal to be 
used is one gram. 

Alternative reducing agents are wheat-flour, argol, 
powdered coal or coke, sugar, etc. . Of these wheat-flour 
and argol are more in use than the others. The 
former has one-half, and the latter one-fourth, of the 
reducing power of charcoal. Argol is impure potas- 
sium hydrogen tartrate and is obtained as a sediment 
in the vats in which grape-juice is allowed to ferment. 
It owes its reducing power to carbon and carbon mo- 
noxide which result from its decomposition on heating. 
The reaction is represented as follows : — 

2KHQHPe — > KjCOs + CO, + 2CO + 4C + 5H,0. 

The reducing power expressed in grams of lead per 
gram 'of reducing agent is ascertained by using the 
following charges : — Mix 60 gms. of litharge, 5 gms. 
of silica (quartz powder), 10 gms. of sodium carbonate 
and 1 gm. of charcoal on a sheet of glazed paper and 
charge into a fire-clay crucible, using size ‘D’ crucible, 
35 . ' * 
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Give it a cover of about 5 gms. of borax glass. Mix 
and charge into each of two more ‘D’ size crucibles a 
similar charge to the above but using 2 gms. of wheat 
flour in one and 4 gms. of argol in the other, in place 
of 1 gm of charcoal. Melt the charges by placing the 
crucibles in a wind-furnace. When the charges have 
melted and the fusion is quiet, i. e., when no gas bub- 
bles are issuing from the charge, remove from the fur- 
nace and pour into separate moulds the contents of each 
of the three crucibles. Allow to cool. Detach the 
button of lead from the slag by hammering this off and 
weigh. Divide the weight of lead obtained in each case 
by the weight of the respective reducing agent to 
obtain the reducing power. 

It may be pointed out here that the omission of si- 
lica from the above charges will not make any difference 
in the reducing power of the substances considered. 
That is to say, whether the charge is basic, neutral or 
acidic, the reducing power is always sthe same. The 
case is different as will be seen later, when the reducing 
power of sulphide minerals is to be determined. The 
basic or acid nature of the charge has a considerable 
influence on their reducing power. 

The fire-clay crucibles* used in fire-assay work are 
known as ‘Battersea !l^ounds*, the term having reference 
to the place of manufacture namely, Battersea, England, 
and to the shape, of these crucibles. The sizes are de- 
signated by the letters of the English alphabet. Size 
‘A’, having a top diameter of If" and a height of 2|", 
is the smallest. There is a progressive increase in the 

* To be had ftom the Kumatdhubi Fire-clay and Silica 
Works, Ltd., Kumardhubi (Manbhum.) 

Firc-day crucibles made in the Dept, of Ceramics of this 
University have been found to give fair service. 
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diametet, of about and, in the height, olT about !•", 
as one passes from siae ‘A’ to size ‘N’ which is the lar- 
gest. The crucible size should be selected for the 
work on hand with due regard to the fact that the 
charge will not be blown over due to the escape of the 
gas, mainly carbon-di-oxide, during melting. The most 
convenient sizes to employ for the various operations 
are shown in the following table : — 


Nature of Experiment 

Size 

Height 

Diameter Approx, volume 






in ml. 

Reducing power of 1 
charcoal, argol, etc. J 

[ c 

34 

inch 

2 ^ inch 

70 

do 

D 

4 

» 

2^ „ 

100 

Fusion of the charge I 
for a straight ore j 

■ F 

5 


3 „ 

175 

do 


55 

>> 

3| 

340 


A crucible is not to be discarded after using it 
once. It should be used until it becomes unserviceable 
on account of cracks. It is cleaned for use by melting 
a charge of 10-20 gms. of sodium carbonate, 40 gms 
of litharge and 1 gm. of charcoal and pouring out the 
charge after the molten mass is tranquil. This process 
will remove any adhering slag containing ‘values’, 
arising out of improper manipulation during the 
previous working of a charge. 

Not only are crucibles to be selected with regard to 
the volume of the charge on hand but cupels also 
should be selected with regard to the size of the lead 
button to be cupelled. As already mentioned, a cupel 
will absorb a weight of lead monoxide roughly equal 
to its pw:n weight. 

The sizes of cupels are indicated by the numbers 
1, 2, 3, 4, etc., number 1 size being the smallest, when 
they are made of bone-ash. When made from burnt 
magnesite, they are designated by the letters of the 
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alphabet, size ‘A’ being die smallest. Considering 
cupels of the same size, the latter variety has a much 
higher absorptive power for lead monoxide than the 
former. This variety is known as ‘Morganite’. The 
variety known as ‘Mabor’ is probably made from 
mixture of bone-ash, portland cement and burnt 
magnesite. 

Cupels can be made from bone-ash using a cupel 
mould. It is admixed with water, the quantity being 
so adjusted that the moistened material when pressed in 
the hand does not adhere to it. Cupels must be made 
at least six months prior to use. They must be 
dried slowly. 


Brand 

Size 

Diameter 

Absorptive 

‘Number’ or ‘letter’ 

at top 

capacity 

Morganite 

B 

-2- inch 

5 

gms. 

79 

C 

1 


99 

79 

F 

n » 

20 

99 


G 

1 - 

^2 99 

30 

99 

Mabor 

5 

11 

99 

18 

99 

99 

6 

113 1 

99 

24 

99 

Bone-ash 

1 

3 

99 1 

3 

99 

99 

6 

1 3 

99 

20 

99 

99 

7 

11 

1 2 99 

28 

99 


Bone-ash varies in composition according as it is 
derived from the bones of ox, sheep, etc. . The follow- 
ing is the approximate composition of a sample of 


bone-ash ; — 

Calcium phosphate 84-85|^ 

Calcium carbonate 9-10% 

Calcium fluoride 3-4% 

Magnesium phosphate 1-2% 
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The addition of A. T. of boiax glass is made to 
a crucible charge to make the slag thin and to combine 
with any iron, copper, manganese, nickel, cobalt and 
manganese that may be present in the ore. Borax 
glass is obtained by heating the commercial variety of 
borax to a temperature which is about 50°C. higher 
than its melting point in a fire-clay crucible and pouring 
the melt on to a clean copper tray. It is then broken 
up into lumps and stocked for use. On heating, the 
commercial borax loses its water of hydration. The 
advantage of using borax glass over borax lies in the 
fact that a charge for fusion may be heated up rapidly 
without fear of mechanical loss of particles of the charge, 
due to the escape of steam, which follows the use of 
ordinary borax, 

(3) In the case of arsenical ores, a pteliminary 
roasting of one assay -ton of ore with 15 gms. of clean 
sand in a scorifier is necessary. Otherwise, the slag formed 
will carry some gold and silver. The roasting expels 
the arsenic as AsaOg and converts S to SOg which also 
passes off. The sand added keeps the mass porous and 
thereby helps the expulsion of AsgOg. The roasted ore 
is then fused in a crucible, the charge being the same 
as that for a quartz ore given above, except that an 
extra amount of sodium carbonate is necessary to flux 
off the sand, which was added to prevent fusing of the 
mass during roasting. 

(4) When iron pyrites is present in amounts exceed- 
ing 8 '/, in the ore, a preliminary roast is necessary. 
The roasting removes S as SO, and iron is left behind 
as Fe^Og. In the subsequent fusion, if an extra amount 
of charcoal is introduced, FcgOg will be reduced to 
FeO, which then combines with SiOg in the ore forming 
FeSiOg. The charge for fusion will be the s.ame as for 
a quartz ore, only a little more charcoal will have to 
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be provided to reduce FejOj to FeO. Fusion without 
roast will involve the employment of so large a weight 
of PbO that the lead button will be very heavy. Also 
the excess of PbO will attack the crucible. The 
reactions taking place when iron pyrites are present 
and when the crucible fusion is adopted without a 
preliminary roast are: — 

FeS 2 + 7 Pb 0 + 2 Na 2 C 03 — > FeO+7Pb+ 

2Na2S0i-l-2C02 

From this, it is clear that the lead button obtained will 
be very large. Large size cupels will be required for 
cupelling large size lead buttons and the volatilisation 
losses of precious metals will be high in such cases. 
Hence it is advantageous to roast preliminary to 
fusion when the usual quantity of PbO will suffice. 

As an alternative to roasting, highly pyritic ores may 
be subjected to an oxidising fusion. The oxidant 
employed is potassium nitrate, commonly known as 
nitre, and is introduced into the crucible charge. The 
introduction of this has the effect of reducing the weight 
of lead button, thereby reducing the time of cupellation 
and thus minimising the volatilisation losses. The 
quantity of nitre to be introduced in a charge depends 
on the nature of the ore, whether highly pyritic or 
only some-what so, whether the associated metals are 
copper, antimony, lead, etc. besides iron. The example 
worked out below in full on the assumption that the 
associated metal is iron, is illustrative of the method of 
calculation 

jSuppose the sulphur content of the ore is 20%. If 
one^ A.T. of the ore is to be used for the assay, the 
sulphur contained in this will be 6.5 gms. This will 
be associated with 5.6 gms. of iron, making a total of 



12.1 gtns. of iron pyrites. The oxidation of this ran 
be effected by 157 gms. of lead monoxide as can be 
seen from the following equations : — 

FeSa+7PbO — > Fe0+2S08f7Pb 
2 S 03 + 2 Na 3 C 03 — > 2Na2S04+2C02 
The weight of lead button that would result from 
this is about 148 gms. As such a lead button will 
cause a high volatilisation loss during cupellation, lead 
monoxide is seldom used exclusively. The objection 
to the exclusive use of nitre for oxidation lies in the fact- 
that it does not provide a means for collecting the 
precious metals. The following equations represent 
the oxidation by means of nitre : — 

2 FeSa H- 6KNO3— ^ 3 KaO + SNg -|-FeaOs+ 4SO3 
3Ka0+NaaC0s+4S03— ^SKaSO^+NaaSOa+COa 
The oxidation of 12.1 gms. of iron pyrites will 
require 30 gms. of nitre. But for the reason already 
given, this is never used as the sole oxidant. Both 
lead monoxide and nitre are introduced as oxidants. 
The quantity of each entering into the charge is 
based on .the fact that about 20 gms. of lead 
must be provided for alloying with the gold and 
the silver present in the ore. This will result from 
the use of 22 gms. of lead monoxide. This weight 
will oxidise 1.7 gms. of iron pyrites, leaving 10.4 
( 12.1 — 1.7) gms. for oxidation by nitre. This will 
requiref^x 10.4 or 26 gms. of nitre to the charge and 
the addition will have the effect of reducing the weight 
of lead button from 141 gms. to 20 gms. The power 
of nitre per gram to ‘keep back’ or to decrease 
the wight of lead button, which will otherwise 

result, IS — =4.6 gms. This e^mple has 
been worked out on the basis of a knowledge of 
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the composition of the ore, at least so far as the 
sulphur content is concerned. But such a knowledge 
is not necessary. A preliminary assay using charges 
described below will enable one to decide on the 
final charge. Charges based on rule-of-thumb method 
as to the ability of nitre to decrease the weight of 
lead button yield sometimes no lead button at all, 
though a mixture of lead monoxide and nitre is intro- 
duced into the charge. This is because the entire oxi- 
dation of the sulphide minerals is thrown on nitre. 
Such cases point to the importance of carrying out 
preliminary experiments before making up a final charge. 
Determine the oxidising power of nitre as follows : — 
( a ) Introduce into a ‘C' size crucible a mixture 
of 60 gms. of granulated lead, 3 gms. nitre and 1 gm. 
silica. Heat in a wind furnace until thoroughly melted. 
Pour the melt into an iron mould. Allow to cool. 
Hammer off the slag and weigh the button of lead. 
The difference between the weight of lead originally 
taken and that of the button obtained, divided by 3 
gives the oxidising power of nitre per gram. The 
theoretical value is 15 gms. lead per gram nitre. 

( b ) Introduce into a second crucible of the same 
size as in ( a ) the following charge, after thoroughly 
mixing on a sheet of glazed paper : — 

Charcoal ( the same charcoal as was used to 1 gm. 
determine the reducing power of charcoal ) 

Lead monoxide 85 gms. 

Nitre 3 g ms 

Lead monoxide ( as cover ). 5 gms. 

Fuse in a wind furnace, pour the melt when tran- 
quil into a mould, remove the solidified mass from the 
mould, hammer off the slag and weigh the lead. 
Supposihg- the reducing power of charcoal to be 18.6 
gms. .and the weight of lead button obtained in this 
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case to be 7.4 gms, the difference is 11.2 gms. On 
account of the introduction of 3 gms. of nitre, the 
weight of lead button has been reduced by 11.2 gms. 
Hence, 1 gm. nitre will keep back 3.7 gms. lead. In 
other words, it decreases the weight of lead button by 
3.7 gms. per gm. nitre employed. 

It is this value that is of more immediate application 
to the cases that arise in practice than the value obtained 
in ( a ). The value obtained depends on whether the 
oxidation is carried out under conditions where the 
charge is basic or acidic. Under the former condition, 
the value is about 4.8 gms. whereas under the latter 
condition, it is about 4.0. These values are only appr- 
oximate and are not of universal application. Each 
specimen of ore is to be investigated by preliminary 
runs before deciding on the weight of nitre to be added. 

The following charges are suggested for the trial 
runs 



A 

B 

Pyritous ore 

5 gms. 

5 gms. 

Silica 

8 „ 

8 „ 

Litharge ■) 

( Lead monoxide ) J 

100 „ 

100 „ 

Soda-ash 

(sodium carbonate) 

} 12 „ 

12 ,. 

Borax glass 

5-8 „ 

5-8 „ 

Nitre 

Nil 

3 gms. 

The difference in 

the weights of lead button obtained 

in the two cases divided by 3 gives the number of gms. 

of lead by which the weight of lead 
decreased per gram addition of nitre. 

button can be 

( 5 ) In the case of ores, concentrates, etc. contai- 


ning high percentages of copper, difficulty is experien- 
ced in cupellation when they have been fused’ with the 
usual quantities of fluxing reagents. The copper is no^ 

3 ^ . • * 
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eliminated completely during cupelling unless a very 
large amount of lead, i. e., sixteen times the weight of 
copper present, is employed and with a large weight 
of lead button, the time of cupelling is prolonged, 
leading to high volatilisation losses. To obviate this 
difficulty either pot fusion followed by scorificatiop 
and cupellation or a combination of wet and dry 
methods is used. 

The following charges are recommended for the 
above classes of ores and metallurgical products when 
pot i. e., crucible fusion is followed by scorification and 
cupellation 


Constituents of 

Ore 

Concentrate 

Matte 

the charge 

Weight 

Weight 

Weight 

Ore, concentrate or 

other product 

1/2 A. T. 

1/2 A. T. 

1/8 A. T. 

Lead monoxide 

65 gms. 

65 gms. 

30 gms. 

Sodium carbonate 

25 gms. 

25 „ 

25 .. 

Nitre 

8 gms. 

8 


Borax 

20 gms. 

20 „ 

10 „ 

Silica 

Charcoal 

5 gms. 

5 

1 „ 

0.8 „ 


Copper and silver in an ore are dissolved in HNO3, 
Ag precipitated as AgCl by means of cone. HCl, the 
excess HCl removed by the addition of Pb(QjH30g)2 
when PbClg is thrown down as a precipitate carrying 
with it the particles of gold, the liquid filtered off, and 
the residue fused with an ordinary charge followed by 
the usual operations. 

T]ie Scorification Assay : — 

As an alternative to the combination assay, noeiitioned 
above, an assay known as the ‘Scorification Assay’ is em- 
ployed for this class of ore, especially when it is rich in 
gold (i.e.). 2 02. or more to the ton. The assay is based 
pn 1^ fact diat whep such ore is roasted in ^ ^te clay 



dish known as a *scotifiet’ mixed with a latge weight of 
gtanulated lead and a little borax, a slag consisting of 
lead silicate and copper borate is obtained, the precious 
metals forming an alloy with lead. The melt is poured 
into a mould, the slag hammered out when cold, and the 
alloy cupelled and parted in the usual manner. 

Details of working the two processes are as given 
below : — 

‘Combination’ or ‘Wet and Dry’ Assay : — Heat 
1 A.T. of ore with 100 ml. HNO 3 in a 400 ml. beaker, 
cover with a watch glass, and heat for 1 hour. Cool, dilute 
with 100 ml. water, add 1 ml. cone. HCl, stir 
well, add 20 ml. of 10% lead acetate solution. Shake 
and let stand. Decant through a filter-paper. Wash 
two or three times by decantation. Dry the residue in 
the beaker and addthefilter-paper with the small amount 
of residue to the beaker. Transfer to a fire-clay crucible 
and charge into it litharge, sodium carbonate, charcoal, 
and borax in quantities usual for a quartz ore. Carry out 
the fusion, cupellation and parting operations ip the 
usual manner. 

The Scorification Assay Procedure : — 

Mix ^ A. T. ore with 25 grams of grain lead. Intro- 
duce into a scorifier. Cover it with 25 gms. of grain 
lead and 1—2 gms. borax. Introduce into a muffle. 
Close the door of the muffle. Gradually raise the 
temperature to a red heat so that the charge melts 
completely. Open the door of the muffle. The lead 
oxidises and forms a silicate with the silica of the 
ore. This collects all round the edge of the metallic 
layer leaving a bright central spot known as the 
‘eye*. As more and more lead silicate forms, the 
*eye* gets smaller and smaller until when all the silica 
has combined with the lead , oxide, the ‘eye’ closes due 
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lo the slag covering the metal completely. Pour the 
contents of the scotifier into a mould. When cold, 
detach the solidified mass from the mould, hammer out 
the slag, separate the lead button and cupel and part in 
the usual manner. 

The scorification is often used as an adjunct to the 
crucible fusion when a very large lead button is obtained 
as in pyritous ores, which have not been roasted prior to 
fusion. It is neither accurate nor profitable to cupel 
directly heavy buttons. Scorification of a heavy lead 
button yields a convenient weight of lead button to 
cupel. It also eliminates Cu as copper borate. 

(6) In the case of ores containing stibnite, the 
combination assay may be adopted with advantage 
in place of an oxidising fusion with nitre. When 
antimony enters the gold-silver-lead button, it leads to 
the bursting of the cupell during the cupellation due 
to the formation of antimoniate of lead. 

Procedure for the combination assay for antimo- 
niacal ores : — 

Dissolve 1 A.T. ore in 100 ml. cone. HCl in a 400 
ml. beaker by heating for about half to one hour. Add 
3—4 gms. tartaric acid. Dilute with 100 ml. water. Shake 
well. Filter by decantation. Wash two or three times 
with water, decanting off the solution. Dry the residue 
in the beaker by heating on the hot plate. Transfer the 
residue to a fire-clay crucible with the usual fluxes in 
quantities mentioned for a straight quartz ore, fuse, cupel 
the lead button and part as usual. 

(7) Telluride Ores : — These require -very fine 
grinding. No roasting is necessay as a preliminary to 
the ordinary crucible fusion. It is highly important that 
the temperature of fusion should be gradually raised. 
To prevent tellurium fjrom ^passing into the metal from 
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the slag, a vety large amount of PbO ( 5 times the 
weight of ore ) is necessary. 

The following is a typical charge : — 

Ore 1 A. T. NasCOa 1 A. T. 

PbO 5 „ Borax 10-12 gms. 

Salt as cover. 

(8) Sometimes it is necessary to determine the 
amount of gold taken up by cupels. 

The following is a typical charge for the purpose : — 


Cupel (crushed fine) 

1 A. T. 

NajCOg (anhydrous) 

20 gms. 

Borax glass 

8 

Fluorspar 

30 „ 

Charcoal 

1.5 „ 

Litharge 

2-3 „ 


Pure gold and pure silver for ‘‘check’ assay are pre- 
pared in the manner shown in Experiment 54 A. 

Sometimes it happens that an ore does not pass 
through a 60 mesh sieve completely. The particles of 
metal thus retained on the sieve during the f inal stage 
of grinding preparatory for weighing out a charge are 
referred to as ‘metallics’. These are rich, having an 
assay-value 5-20 times the value of the portion passing 
through the sieve. To ’get the gold content of the 
entire mass of ore, the two portions are assayed 
separately. The-60 portion ( i.e., that passing through 
the sieve) is assayed by the pot (i.e., the crucible) fusion 
method, followed by cupellation and parting. The+60 
portion is assayed by a method which depends upon its 
quantity. If small in quantity, the portion may be dis- 
solved in aqua regia and the solution made up to a de- 
finite volume. Of this a measured volume, bearing a 
definite ratio to the charge for fusion of the-60 portion 
is added to it and the usual operations performed. 
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The foUowiftg examples illustrate the method of cal- 
culation : — 


Example 1 A sample of ore weighing 150 gms, 
leaves 19,4 gms. of ‘metallics’ on a 60 mesh sieve. The 
~60 portion and the + 60 portion assay 1 02 . 10 dwts. 
and 7 02 s. of gold per ton respectively, by the crucible 

assay. The assay value of the entire ore is : 

1 A.T. of— 60 ore yields 1.5 mgms. gold 

(150-19.4) or 130.^ gms. or A. T. yield 1.5 x 4 

mgms. gold. 


1 A.T. of + 60 ore yields 
19 4 

32^6 yields 

Gold in A.T. ore 

32.66 


= 6 mgms. gold, 
7 mgms. 

7x19.4 

■ -3276^ “S”'- 
-- 4.15 mgms. 

= 1 0. 1 5 mgms. 


„ 1 A.T = 10. 15x32.66 

150 

= 2.21 mgms. 

1 ton of 2240 lbs. of the ore assays 2 02 s. 4 dwts. and 
5 grains. 

Example 2 : ^A sample of ore weighing 150 gms. 
leaves 2.04 gms, of 'metallics' on a 60 mesh sieve. The 
entire 'metallics* portion is dissolved in aqua regia and 
the solution made to 5 ml. . 1 A.T. of the— 60 ore is 
charged Into a crucible with the usual fluxes and 1.1 
fill, of the solution of the ‘metallics’ is added to the 
^arge by a pipette graduated in tenths of a ml.' and 
the usual operations performed. 

The number of mgms. of gold obtained is 2. 

Hance, the ore contains 2 02 s. of gold pet ton. 
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From the following it will be clear why 1.1 ml. of 
the aqua regia solution is added to the charge in the 
crucible. 

147.96 gms. of — 60 portion are associated with 2.04 
gms. ‘metallics* 

32.66 „ „ „ x32.6 „ 

2.04 gms. are contained in 5 ml. 

2.04x32.66 5 2.04x32.66 

147.96 ^ ‘ ” ”2.04" 147.96 “ 

= 1.1 ml. 

Precaution to be taken in the operation of 
cupelling. 

The floor of the muffle is rapidly corroded by any 
lead monoxide that may be spilt accidentally. To guard 
against such corrosion, a layer of bone -ash thick 
must be spread on it evenly before lighting the furnace. 

Testing the Reagents used in Fire-Assay for Ag.: — 
Litharge PbO Melting point 877C°. This may contain 
some silver. The amount of silver present is deter- 
mined once for all in a lot of the material, using one 
of the following charges : — 


Charge I 


Charge II 

Litharge 120 gms. 

PbO 

90 

gms. 

Sodium bicarbonate 60 gms. 

NajCOs 

20 

yy 

Argol (potassium 

Silica 

7 


hydrogen tartrate ) 2 gms. 

Borax ■) 

c 



glass > 

D 

9y 


Argol 

2 



Th^ constituents are mixed thoroughly upon a sheet 
of glased paper and the mixture placed in a flreclay 
crucible ( size F ) and covered with a layer of 
powdered dry common salt. The crucible is placed in 
a wipd furnace. When the charge has re^^the 
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state of quiet fusion, the crucible is with drawn from the 
furnace, slightly tapped upon its bottom and on its 
side and poured into a mould. When cold, the slag is 
hammered oflF from the button of metal. This is cupel- 
led and the button of silver which results is weighed. 
In subsequent work with this lot of litharge, a deduc- 
tion for Ag equal to that obtained on the weight of 
PbO employed is made. 

EXPERIMENT 54-A 

Determination of the Fineness of ‘Gold* 
of a piece from a Watch-chain 

By the term ‘fineness of gold’ is meant the number 
of parts of gold per 1000 parts of an alloy. 

Principle — 

When an alloy of gold and silver containing less 
than 30 parts of gold and more than 70 parts of silver 
per 100 parts of the alloy is treated with nitric acid, 
the latter goes into solution while the former is left 
behind unaffected. After decanting the solution and 
washing the residue with water, it is heated, cooled 
and weighed in an accurate balance. The ‘fineness’ is 
calculated from the original weight of the alloy and 
the final weight of the pure gold. 

The yellow colour of the piece to be examined is an 
indication that the alloy contains more than 30 parts of 
gold. As ‘parting’, that is, separation of the gold from 
the silver, can be effected only when the alloy contains 
30 parts or less of gold, the content of gold must first 
be brought down approximately to 30 parts by adding 
pure silver to it, wrapping the two in a piece of pure 
lead foil and melting the whole in a cupel in a muffle 
fuma,ce. Daring the process the oxide of lead is absor- 
bed by the cupel, the alloy of gold and silver being left 
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behind. The cupel is cooled, the button is removed, 
hammered, annealed and parted with nitric acid. 

Procedure : — 

Weigh accurately a piece, say 0 6000 gm. Wrap this 
up with 1.5 gms. of pure silver in pure lead sheet weigh- 
ing about 4 gms. and introduce by means of assay 
tongs into a hot cupel placed in a muffle furnace. When 
the surface of the molten alloy in the cupel appears 
bright, withdraw the cupel from the furnace. Ham- 
mer the cold button of metal 'on an anvil to a thin foil 
5 cms. long and ^ to 1 cm. broad. Roll into a prill 
after annealing, (i.e.,) raising to a red heat in the Bunsen 
burner flame. Heat a mixture of 10 ml. cone. HNOg 
with 20 ml. of water in a wide mouthed test tube or in 
a parting flask. Introduce the prill into the hot boiling 
acid. Boil for 10 minutes. Decant the solution. Add 
a little more of the acid mixture, heat to boiling and 
then decant. Wash with water five or six times. Fill 
the tube or the parting flask with water finally, cover 
the mouth of the same with a crucible and invert the 
whole quickly. The gold is transferred to the crucible 
by this means. Decant off the water. Drain the water to 
the last drop. Dry. Heat to dull redness. Cool Transfer 
to one of the pans of the bullion balnaee and weigh. 

Example : — 

Weight of the piece from the chain 0.6642 gm. 

Weight of silver added 1.5 gm. 

Weight of lead sheet 4.0 gm. 

Weight of gold after parting 0.58260 gm. 

Fineness of gold is .. .. 0.58260x1000/0.6642 

i. e. 877 

When expressed in carats the result is 24x877-^ 
1000, i. e., 21.05. Gold which is 1000 ‘fine’ is referred 
to as 24 carat gold, , 

37 
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Notes : — 

(1) The process of enriching the alloy in silver so 
as to make a satisfactory separation of the gold, from 
the silver, possible, is known as inquartation. This term 
has arisen from the fact that gold in the alloy must be 
a quarter or one fourth part of the whole in order that 
parting with HNOg may be effected. 

(2) As the absorption of gold by the cupel l^e- 
comes perceptible when a large amount of lead is em- 
ployed for the cupellation, the weight of it must be li- 
mited to the minimum needed for effecting a removal 
of other base metals. When the fineness of .gold and 
silver is 800-900, E.A. Smith recommends 6 gms. of 
lead for 0.5 gm, of the alloy. 

(3) Though parting can be effected with alloys 
containing 95 parts silver to 5 parts gold, it is conve- 
nient to make such an addition of silver to the alloy as 
will bring up the % of silver to 70. Such an alloy does 
not yield gold in a finely divided condition on parting 
and therefore there is no fear of loss of particles 
during decanting, washing and transferring to the 
crucible. 

(4) Allowance must be made for the losses during 
cupellation. This is done as follows : — Weigh 0.58260 
gm. pure gold into a cupel, add 1.5 gms. silver and 
wrap in 2 gms. of lead sheet. Cupel. Part. Weigh the 
resulting gold. Suppose the weight is 0.5831 gm. The 
gain is 0.0005 gm. Then, this gain will also have 
occurred in the sample assayed. Hence .0005 gm. 
known as ‘surcharge’ must be subtracted from the 
weight of gold obtained on the sample assayed. 
In the example under ^consideration, the corrected 
weight of gold will be .5821 gm. . The ‘check* run 
and the, ‘assay* run must be made under the same 
conditions, At the mint, the general practice is to 
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run a preliminary assay on the sample which enables 
one to decide on the weight of pure gold to be taken 
for the ‘proof’ or the ‘check’ run and also the weights 
of silver and lead to be added to the charge. The 
‘proof’ and the sample runs are made side by side in 
the same mufHe. The second run so made on the 
sample is referred to as the ‘final assay’. The latter may 
yield results 10 parts or more per 1000 higher than the 
preliminary assay. * 

(5) The procedure for the assay of a gold coin, 
the sovereign for instance, current in our country, or 
of gold bullion, does not differ from the one outlined 
above. The following data will be useful in determin- 
ing the charge for the assay and the ‘proof’ or ‘check’: — 
Fineness of gold in the sovereign =916.6 per 1000. 

By difference, parts of Cu 83.4 „ „ 


Fineness of coin j 

Wt. of coin or 

Wt. of lead 

or bullion. 

bullion 


950-1000 

0.5 gm. 

i 2 gm. 

900-950 


■ 4 „ 

800-900 

1 

79 

1 6 

1 


For every 100, parts below 800 add at the rate of 
4 gms. lead. On account of the low solubility of copper 
oxide in lead monoxide, elimination of the former is 
possible by employing about 100-200 times as large a 
quantity of lead as copper. The standard weight of a 
sovereign is 123.27447 grains and no sovereign is put in- 
to circulation which is 0.17 grain heavier or lighter than 
the standard. When a coin has lost 3 grains, it is with 
drawn from circulation. The approximate loss of weight 
in one year is 0.029 grain. The following are 'represen- 
tative assays of the mill and the cyanide bullions 
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Gold Silver 

Parts per 1 000 Parts per lOOC 


The mill bullion from the 
amalgamation plant 

926.11 

66.12 

The cyanide bullion from the 
residues from xinc treatment.; 

895.85 

1 87.31 


The parts of silver in a gold bullion are obtained 
as follows: — 

Determine the parts of gold as outlined above. Deter 
mine the weight of gold and silver together on a sample 
which is cupelled without the addition of silver, the 
weight of bullion taken being the same as for the deter- 
mination of the gold content. The weight of pure gold 
subtracted from the weight of gold plus silver button 
gives the weight of silver. Express in parts per 1 000. 

(6) Pure gold and silver required in these assays 
are made as follows : — 

Pure gold i — Weigh 5 gms. of the purest gold 
available into a 400 ml. beaker. Add a mixture of 
10 ml. cone. HNOj and 30 ml. cone. HCl. Heat in a 
water bath. Bring to low bulk with the addition of 
HCl by heating for a prolonged time on the water 
bath. Pour the contents into a litre beaker containing 
about 800 ml. distilled water. Allow the precipitated 
AgCl to settle undisturbed for a week. Siphon oflF the 
clear solution of AuCla into a second beaker. Warm to 
60°C. Introduce crystals of oxalic acid and stir well. 
Allow to stand for a day or two. Wash by decantation. 
Filter through a filter paper, give one or two washes 
with ammonia water to remove the last, traces of 
silver chloride, wash several times with water. Melt 
in a clean crucible. Pour into an iron mould. Hammer 
on an anvil to a thin plate. Immerse in HCl. Wash 
wMi water. Preserve in a bottle for use after heating 
to, dull redness and cooling. 
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Pure silver : — Dissolve of 12 gms. of silver bullion 
in 100 ml. 1:1 HNO, in a beaker with the aid of gentle 
heat. Dilute with water. Allow to settle any gold 
particles present, siphon off the clear liquid. Add to 
the siphoned liquid dil. HCl in excess. Stir vigorously. 
Allow the precipitate to settle. Decant off the clear 
liquid. Repeat the process several times until the 
decanted liquid is free from HCl. Dry by heating in the 
air oven. Transfer to a glazed paper. Mix with twice its 
weight ( 30 gms ) of anhydrous sodium carbonate and 
fuse in a clean clay crucible. Cast into an iron mould. 
Hammer out the slag, clean the ingot by washing with 
hot water and beat on the anvil to a thin sheet. 

The reduction of auric chloride to metallic gold is 
represented by the following equation : — 

2 AuClgTS HjQO^ — ^ 2Au I 6COa+6HCl 

EXPERIMENT 54-B. 

Silver in a Silver Coin. 

The cupellation process described in Experiment 54-A 
for the assay of a piece of w atch-chain made of gold 
is available fot the determination of silver in the rupee coin 
current before the introduction of rupee coins of nickel. 
As described thereunder, a preliminary assay will have 
to be made first and on the basis of this, a check assay 
is made with an alloy of pure silver and pure copper 
mixed in the proportions in which they are present in 
the coin alongside of the final assay. But a shorter and 
less elaborate method due to Gay-Lussac is generally 
practised at the mints. 

When a standard solution of sodium chloride is 
adtfed to a solution of the coin in HNOa, silver chloride 
is precipitated. The point at which the addition of 
sodium chloride is to be stopped is indicated by the 
absence of a cloudiness at the contact surface of the 
two solutions. 
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Solutions Required : — 

1. Sodium chloride solution: — Dissolve 5.4162 gms 
NaCl in 1 litre of water. 1 ml. of this=0.0I gm. Ag. 

2. Decimal salt solution : Dilute 1 00 ml. of solution 
No. 1 to 1000 ml. exactly in a litre measuring flask. 
1 ml. of this soln. ^0.001 gm. Ag 

3. Standard Silver Nitrate Solution : — Dissolve 1 
gm. pure silver in 20 ml. dil. HNOg ( s. g. 1.2 ) and 
dilute to 1 litre. 

1 ml. of this=0.001 gm. Ag 
Procedure for Standardisation : — 

Weigh out 1.05 gm. pure silver exactly. Dissolve 
in 10 ml. dil. HNOg (s.g. 1.2) in a 200-250 ml. capacity 
bottle from which the stopper is removed. Blow 
out nitrous fumes. Add from a pipette or a burette 
100 ml. of solution No 1. Shake well after putting the 
stopper in place. Let stand until clear. Run in solution 
No. 2,1 ml. at a time. See if there is any cloudiness at 
the junction. If there is, shake until clear. Continue 
adding until no cloudiness is seen. The amount of 
solution No. 2 used is 54 ml. This is equal to 5.4 
ml. of solution No 1. Hence, the amount of solution 
No. 1 used in all will be 105.4 ml. 

105.4 ml. NaCl=1.05 gm. Ag. 

1 ml. , - gm. Ag. = 0.009963 gm. Ag 

Note: — 

The addition of solution No. 2 does not produce 
any cloudiness when the weight of silver is less rhar; 1 
gm. In that case add 5-10 ml. of solution No. 3, so 
that a cloudiness appears on adding solution No. 2. 
Add this until no cloudiness is produced. The amount 
of silver in solution in this case will be the weight of 
silver takcn'plus the equivalent in silver of the volume 
of solution No. 3 which was added . 
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EXPERIMENT 55. 

Determination of Platinum in Platinum Alloys. 

Alloys of gold and platinum are used in jewellery 
and dentistry. The colour of these alloys gives an 
indication of the extent to which platinum may be 
present. Up to 15% platinum in the alloy, the colour 
is yellow. Alloys containing 25% platinum and more 
are distinctly white. 

Principle of the Assay : — 

This is the same as for gold bullion or gold coin. 
The alloy is wrapped in lead foil along with silver and 
cupelled, the cupelled button parted and the resulting 
button of gold and platinum weighed. This is then 
dissolved in aqua regia. The solution which is a mixture 
of gold chloride and chioroplatinic acid is evapo- 
rated to low bulk twice with hydrochloric acid to 
eliminate nitric acid. Gold is then precipitated from 
the solution by means of oxalic acid. This is filtered 
off and weighed. By difference, the weight of platinum 
is obtained. Alternatively, the filtrate from the gold 
residue is evaporated to dryness and heated strongly 
until no more fumes come off. The residue is platinum 
and is directly weighed. 

Procedure : — 

Weigh 0.5000 gm. of the alloy and wrap it in 12 
gms. of lead foil and 1.5 gms. silver. Introduce into a 
hot cupel. Carry out the cupellation at a temperature 
about 50°-100°C higher than for the assay of a gold 
bullion. When all the lead monoxide has been absorbed 
by the cupel, withdraw it from the muffle and detach 
the button when cold. Part the button . witib nitric 
acid. Wash the residue, <£cy, anne^ and weigh. Dis$dlve 
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the same in 20 ml, of aqua regia in a 100 ml. beaker. 
Evaporate on a water bath to about 4 ml. Add 20 ml. 
of hydrochloric acid, evaporate to low bulk and repeat 
the evaporation to low bulk with hydrochloric acid a 
second time. Dilute to 20 ml. with water. Add a gram 
or two of oxalic acid and heat to boiling. Dilute with 
water to 50 ml. Let settle. Filter using a 5 or 7 cm. 
filter paper receiving the filtrate in a platinum basin. 
Wash residue 3 or 4 times with water. Ignite the paper 
and weigh the gold. Evaporate the contents of the 
platinum basin to dryness. Heat strongly until no;more 
fumes are evolved. Weigh. By difference calculate the 
weight of platinum. 

Notes : — 

(1) Parting with nitric acid is satisfactory only if 
1 to 2 parts of platinum are present in 1000 parts of 
the alloy. On the basis of the results of a preliminary 
assay, the final assay can be carried out correctly, 
employing silver for alloying so that the cupel- 
led button has 1-2 parts of platinum per 1000 of 
the alloy. 

(2) Parting v.dth concentrated sulphuric acid in a 
silica or platinum vessel after an inquartation with silver 
may be substituted. Bumping effect is reduced by the 
introduction of glass capillary tubes. Several hours’ 
heating will be necessary to dissolve out the silver. 
Decant. Wash with water several times. Dry, heat 
and weigh the residue of gold and platinum. Dissolve 
in aqua regia, complete the precipitation of gold with 
oxalic acid. Filter, evaporate and heat to complete 
expulsion of fumes, cool and weigh the platinum. 
Parting with sulphuric acid is more satisfactory with 
alloya rich in silver and platinum. 
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EXPERIMENT 55 A. 

Control Tests in a Gold Mine. 
a. Assay of ‘Headings' and 'Tailings'. 

‘Headings’ is the term applied to the cyanide solution 
entering the ‘zinc boxes’ wherein the gold is precipitated 
by means of zinc and ‘tailings’ is the term applied to 
the liquid leaving the ‘zinc boxes’. To exercise control 
on the efficiency of recovery of gold in these boxes, it is 
of the utmost importance to determine the gold contents 
of the ‘headings’ and the ‘tailings’. As in the case of 
the analysis of gold ore, the results are expressed in ozs. 
per ton of each of the solutions. 

The weights of the solutions to be taken for an 
assay are largely governed by their gold contents which 
for the ‘headings’ and the ‘tailings’ are in normal practice 
15-40 grains and 0.2-0.4 grain per ton respectively. The 
weight of the solution taken is 10,800 grains. This is 
approximately 22 A. T. 

Principle : — 

When the solution is treated with zinc, in the form 
of dust or shavings, and a solution of lead acetate, a 
zinc-lead couple is formed which displaces gold from 
the solution. The gold set free is collected by the 
particles of spongy lead remaining in the medium when 
the zinc is dissolved by the subsequent addition of 
hydrochloric acid. The lead containing the gold is 
filtered off, cupelled, and parted in the usual manner. 

Procedure : — 

Into -a. 1600 ml. beaker weigh out 10,800 grains of 
the cyanide solution. Add 300 grains of lead acetate. 

Bring to a boil. Add 100 grains of zinc shavings. 
Keep at a boiling heat for about 1/2 hr. Add .65 -70 ml. 
commercial cone. HQ and continue boiling for 10-15 

38 . ' 



298 


minutes longef. Lead, silver and gold collect into a 
mass, while the zinc passes into solution as T'-n H,. 
Dilute with cold water, let stand and decant through a 
lead filter cone, fitted to a funnel. The cone is made 
from sheet lead. It has a number of holes pricked in 
and about its apex. 

Repeat washing by decantation 3 or 4 times. Finally 
transfer the mass of lead with the gold and silver 
precipitated on it to the filter cone. Squeeze out the 
water by pressure from the flattened head of a glass rod. 
Dry the filter cone of lead with its contents. Transfer 
to a hot cupel. 

Add 20-30 mgms. of silver. Place at the mouth of 
the muffle until the moisture is expelled completely. 
Push it into the hottest part and allow to remain there 
until the bead of metal brightens up. Withdraw the 
cupel from the furnace. Cool. Detach the button and 
.weigh. 

Note 

This method is applicable to ‘headings' and ‘tailings' 
and is rapid. 

b. Alernative Method 

Principle : — 

When the cyanide solution is treated with CuSO^ 
and NagSO, and acidified, gold and silver are precipita- 
ted and held by the cuprous cyanide which is also 
formed as a precipitate simultaneously. The coagulation 
of the entire precipitate is helped by the addition of 
potassium ferrocyanide. The precipitate is then filtered 
off, transferred to a fire-clay crucible, 2-3 ml. of D.l-N 
AgNOg solution added and fused with 2 A. T. of the 
following flux, the lead button separated from the slag, 
and the s^me then cupelled and parted in the usual 
manlier 



Flax t - — 


Sodium carbonate 

270 

gms. 

Litharge 

1000 

9 > 

Flour ( wheat ) 

40 


Charcoal 

25 

9 » 

Borax 

150 

>5 


Procedure : — 

Weigh out 10,800 grains of the cyanide solution 
into a 1500 ml. beaker, add a few drops of a saturated 
solution of NaCN, then 20 ml. of each or the following 
solutions in the order given: — 

20% copper sulphate 
15% sodium sulphite 
1.3 s.g sulphuric acid. 

4% potassium ferrocyanide. 

Stir well after each addition. Allow the solution 
to stand until SO, gas is freely evolved. Filter 
through a large size fluted filter-paper When thoro- 
ughly drained, dust a little of the above flux on the 
precipitate. 

Introduce 1 A. T. of the same flux into a crucible. 
Then place the filter paper containing the precipitate 
on the mass of flux in the crucible, then finally add one 
A. T. mote of the flux. Heat in a wind furnace, pour 
the metal and slag into a mould, hammer the slag off 
when cold and cupel button with the addition of pure 
silver. Part the bead and weigh. 

Notes’ : — 

This process lias the disadvantage that it requires 
time and a number of solutions. But it is as , accurate 
as the method first described. 
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c> Determination of the % of KCN in a sample 
of cyanide. 

Principle 

When a standard solution of silver nitrate is added to 
a solution of the cyanide in water, a white precipitate 
forms which immediately dissolves in the excess of 
cyanide. This continues until the following reaction, 
has taken place: — | 

AgNO, + 2KCN— >KAg (CN), + KNO, 

Any addition of silver nitrate beyond this point is 
indicated by the formation of the yellow precipitate of 
silver iodide with potassium iodide introduced at the 
beginning of the titration. 

Solutions Required : — 

Standard AgNO, soln. Dissolve 4- 5333 gms in 
water and make up to 200 ml. exactly. 

K1 2% solution. 

Procedure : — 

Dissolve 4 gms. of the cyanide sample in water. 
Make up to 250 ml. soln. the mark in a measuring flask. 
Mix well. Pour into a burette. Draw off 25 ml. of the 
cyanide solution from the burette into a beaker. Add 
2 ml. of 2% KI solution. Allow 0.1 -N AgNO, to run 
from a burette until a yellow turbidity is produced. 
Repeat twice. Calculate the %KCN. 

1 ml. 0.1-N AgNO,=0.013 gm. KCN 
Notes : — 

(1) Cyanide solutions ate poisonous. Therefore 
measured volumes are run from a burette, aot pipetted off. 

(2) The method described above is applicable 
only to \ sample of cyanide which is to serve as Stores 
material. 
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d. Determination of the ‘Total Cyanide* in the 
circulating cyanide solution in a mine : — 

Introductory : — An approximately 0.1 % KCN solu- 
tion is used for dissolving the gold from the pulp in 
the Tube mills. It is necessary to see that this strength 
is maintained in order that the gold may be dissolved 
As the water from the mine is used in the mills and as the 
same is acid very often, the cirulating cyanide solution 
is a complex mixture containing free hydrocyanic acid, 
zin cocyanide, ferro cyanide, etc. . 

Principle : — 

The ‘total cyanide’ determination is based on the 
same principle as the one described in testing Stores 
material ; only, in this case, the free hydrocyanic acid is 
neutralised by the addition of NaOH before proceeding 
with titration. 

Solution and Indicators : — Same as in Experi- 
ment 55 A-c. 

Procedure • — 

Measure out 130 ml. of the cyanide solution into a 
beaker. Add about ^ gm. NaOH, 2 ml. of KI and 
then 0.1 -N AgNO, from a burette until a yellow turbi- 
dity is seen. 

Record : — 

130 ml. required 10 ml. 0.1-N AgNO, 

100 ml, would require x 100,, 

* 1 ml. 0.1 AT AgNO, = 0.013 gm. KCN. 

100 ml. soln. contain.^- x 100 x 0.013 gm. 

KCNi. e. 6.1^ KCN. 



e- ‘Free Csranidb* 

This is the term applied to KCN present as such in 
the solution ; the free hydrocyanic acid, formed as a 
result of decomposition by CO2 present in the air of 
the mine and in the mine water, not being included, as 
it is not capable of dissolving gold. 

The decomposition is represented as follows : 

2 KCN+H2O+CO2 — > KaCO,+ 2 HCN 

Principle and procedure are the same as in the 
determination of ‘Total Cyanide’, except for the fact 
that the sodium hydroxide is omitted in this case. 



CHAPTER VII. 

EXPERIMENT 56. 

Complete Analysis of Iron Ore 

The determination of the chief constituent, namely 
Fe, has been described in Expts. 9 and 10. In deciding 
on the quantity of fluxing materials to be charged into 
an iron 'blast furnace it is necessary to know the com- 
plete analysis of an ore. The percentages of AljO,, CaO, 
MgO arc particularly required for this purpose. A me- 
thod for constituents not considered so far is described 
fully below while only references to the Experiments 
already described are given for the determination of 

those constituents previously considered. 

Moisture : — 

The ore is broken up to pea-sixe and 5-10 gms. 
weighed on to a cover glass, and heated in an air oven 
at 105°C., to constant weight. The loss represents the 
moisture. 

CO, 

The ore is crushed fine to pass a 60-80 mesh sieve. 
Weigh 1 gm. into a porcelain crucible. Fit up the 
apparatus as shown in Fig. 19 a. In- 
troduce 50 ml. dil. H2SO4 of s.g. 1.2 
into the flask. Loosely fill the tube T 
with anhydrous CaCl,. Weigh the whole 
after introducing the crucible into the 
flask. Tilt so that the acid comes in 
contact with the ore. Warm for 10-20 

Fig. 19b 

Cool and weigh. The loss in weight repre* 
seats CO,. An improved type of apparatus Imb 1^ 
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determination is due to Schrotter and is shown in 
Fig 19 b. Dil HCl ( 1:1 ) fills the tap-funnel F and 

cone. H 2 SO 4 fills more 
than half of A. The 
use of this makes it pos- 
sible to aspirate dry air 
through it at the end , 
of an expt., thereby ex-! 
peliing GO 2 that will 
otherwise remain in it. 
Greater accuracy results 
Fig. 19 a from its use. 

Ferrous oxide .— 

Fit up the apparatus shown in Fig. 9, p. 125. 
This is used whenever any liquid is to be heated out 
of contact with air. An one-holed cork fits the 
mouth of the conical flask. A short piece of glass- 
tubring open at both ends passes through the hole 
in the cork and is either flush with the bottom 
of the cork or projects a little below it. A piece 
of rubber-tubing about 2 " long and bore, fits 
into the free end of the glass tube. A glass 
rod is inserted into the free end of the rubber- 
tubing. A vertical slit ^ to f cm. long is cut in the 
middle of the rubber-tubing with a sharp pen-knife. 
Through this slit escape vapours and gases when the 
liquid in the flask is heated. It prevents the entry of 
air from outside into the flask. Introduce 1 gm. of 
the ore in the flask with a calcite piece. Add 20 ml. 
dil. Hri s.g. 1.1 Replace the cork with the valve 
attachment in position. Heat gently for 20 minutes. 
G^ol. Dilute and titrate with KMnO^ as in Expt. 9 
Calculate the % of FeO. 
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FegOa : 

Obtain the total Fe as in Expt. 9. Subtract the Fe 
present as FeO. Calculate the diflference as F^O,. 

Note : — 

The residue insoluble in HCl must be treated with 
HF and H2SO4 and the product resulting from such 
treatment should be taken up with HCl and the solu- 
tion added to the main solution and the determination 
of total iron then made. 

AlgOai 

Case 1 . The ore is free from titanium. Test for 
titanium in an ore as follows ; 

Fuse about 01 gm. of the ore in a covered platinum 
crucible with about 2 gms. of potassium bisulphate for 
about 10 minutes over a burner, at a dull red heat. 
Remove from the burner. Allow the melt to solidify 
on the wall of the crucible by holding it with a pair of 
nickel tongs in an inclined position. After the mass 
has solidified and the crucible has become cold to the 
touch, detach the mass by applying light pressure to the 
crucible. Dissolve it in 20 ml. of warm dil. HjSO^ 
(1:4) in a 100 ml. beaker. Cool. Add 1-2 ml. of 
orthophosphoric acid and 2-3 ml. of hydrogen pero- 
xide and shake. A yellow colour shows the presence 
of titanium in the ore. The addition of phosphoric 
acid is to depress the colour of ferric sulphate solution 
which is also yellow. 

Dissolve 2 gm. ore sample in HCl. Bake, redissol- 
ve in HCl. Filter off the insoluble matter. From the 
filtrate, determine A1 as AIPO4 by the method of Expt. 
67. Iron is kept in the ferrous condition by means 
of sodium thiosulphate and the aluminium is thrown 
down either as the hydroxide or as aluminium phos- 
phate. It is then igpited and weighed, 

39 
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Case II. The ore contains titanium. 

Dissolve 1 gm. ore in HCl. Filter off the insoluble 
matter. Ignite it and treat with HF and HgS04. Fuse 
the residue left with NagCOg, Dissolve in HCl. Add 
to the main filtrate. The resulting solution contains 
Al, Fe and Ti as chlorides. To determine A 1 and Ti 
separately from it two methods ate available. One is , 
due to Prof. Gooch. The principle underlying it is 1 
as follows : — ^ 

When H2S is passed into an ammoniac'al solution 
containing the chlorides of Al, Fe and Ti to which 
ammonium tartrate has been previously added, the iron 
alone is precipitated as FeS. This is filtered off, the 
filtrate acidified with HgSO^, the excess of HaS expelled 
by boiling, the tartaric acid present destroyed by boiling 
with KMnO^ and the excess of the latter removed by 
SOg. The titanium is then separated from Al by boiling 
with acetic acid. The former is thrown down as 
TiOj, whereas the latter remains in solution. This is 
because of the hydrolysis of titanium acetate. 

Procedure : — 

Add tartaric acid equal to three times the weight of 
AlgOg+TiOg present in solution. Make neutral with 
NH4OH s.g. 0.90 and then add 5 ml. of 1:1 HgSOg. 
Pass H2S until colourless. . At this stage Fe is present 
in the bivalent condition. Now add NH4OH in excess 
and pass HgS until Fe is completely precipitated. Filter 
off FeS, wash with (NH4)gS (Bench-Reagent diluted 
twenty times with water). Acidify filtrate strongly 
with HgSO^ and expel H2S by boiling. Add a solution 
ofKMnOg, the volume of solution used containing 
KMnOg equal in weight to 2^ times the weight of 
taruric .acid previously introduced. Boil. Clear with 
;SQ| water. Cool. Add NH^ OH in slight excess and 
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then glacial acetic acid in considerable excess, 7 ml 
per 1 00 ml. of solution. Soil for 5 minutes when TiO;j 
is completely precipitated. Filter, wash with 7% acetic 
acid containing a few ml. of dil. H2SO4. (1:1) Reserve 
filtrate ‘A’ for A1 determination. The residue is con- 
taminated with a small amount of AI. To purify it 
proceed as follows : — 

Ignite it in a platinum crucible. Fuse with 1 gm. 
anhydrous NagCOg. Cool. Add 2.5 ml. of cone. HJSO4. 
Allow reaction to proceed in the cold. Warm. Pour the 
solution into 100 ml. water in a 600 ml. beaker. Add 
NH4OH s.g. 0.96 until a precipitate just appears. 
Dissolve this in dil. H.^SO^ s.g. 1.2. Add 40 45 ml. 
glacial acetic acid, 20 gms. sodium acetate and 300 ml. 
water. Bring to a boil by rapid heating up and maintain 
at boiling heat for 1 minute. Filter. Wash with 7% 
acetic acid and then with water. Ignite in a platinum 
crucible, cool and weigh the titanium di-oxide. 

Add the filtrate from the above to filtrate A. Preci- 
pitate Al from the combined filtrates by treatment 
with NH4OH. 

Alternative Method : — 

This method for the separation of titanium from 
aluminium is due to Baudisch. Its principle is as 
follows: — 

When cupferron ( See Expt. 37A, pp. 200,201 ) 
is added to a strongly acid solution containing Al and Ti, 
the latter is quantitatively precipitated. The reagent is 
the ammonium salt of nitroso phenyl hydroxylamine. 

Procedure : — ' 

Solution of cupferron : Dissolve 0.6 gm. in 10 ml. 
water. Dilute the solution of the chlorides of Al and Ti 
containing 30 ml. 6 iV-HCl to 300-400 ml. with water. 
Add. the reagent slowly. Allow tlie yellow precipitate 
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to settle. Ascertain by adding^^ more of the precipitant 
whether precipitation is complete. If a white precipi- 
tate instead of a yellow one forms, the reagent is in 
excess. Filter through pulp, wash well with iV-HCl, 
ighite the precipitate in a platinum crucible, at first 
slowly," to destroy 'organic matter and then strongly. 
The residue is TiOa. 

Notes : — 

(1) It is best to make the precipitation at 0®C. 

(2) If the solution from which titanium is to be 
determined contains iron in addition to aluminium, the 
iron must be separated as FeS according to the method 
of Gooch described above. The filtrate from FeS is 
acidified with H2SO4, freed from HgS by boiling, cooled 
and then treated with cupferron reagent. 

(3) A1 is determined from the filtrate from the tita- 
nium precipitate by evaporating to dryness with H9SO4, 
oxidising the residue of carbon with fuming nitric acid 
and- -then proceeding in the usual manner by adding 
NH,C1 and NH,OH. 

(4) For every 100 ml. of the solution from which 
titanium is to be precipitated, there should be present 
10 ml. of 1 1 1 HgSO^ ; otherwise, A1 will contaminate 
the precipitate. The addition of 1-2 gms. of tartaric 
acid makes the separation very sharp. 

(5) The reagent deteriorates in strong sun-light. 
It is best preserved in a cool, dark place. The intro- 
duction of ammonium carbonate wrapped in filter 
paper bags into a»bottle of the reagent is also helpful 
ip checking its deterioration. 

Procedure for MnO, CaO and MgO 

l^ssblve 2 gms. of the ore in HCl. Evaporate 
to dryness. Redissolve in HCl. ■ Dilute with water. 



Filter. Preserve filtrate (A). Ignite residue. Treat with 
HF and HaS 04 . Dissolve the resulting residue in HQ. 
Add the solution to (A). Separate Fe, Al, Ti, P,Oj by 
the basic acetate method of Expt. 21. From the filtrate, 
determine MnO as described thereunder. From the 
filtrate obtained by' filtering off MnOj, determine CaO 
and MgO as in Expt. 11. 

Alkalies : — 

Dissolve 3 grams of the ore in HQ and a drop of 
HNOj. ' Evaporate to dryness and redissolve in dil. HQ 
(1:1). Filter. Ignite residue, treat with HF and HjSO^, 
evaporatfe, boil residue with water acidulated with HQ, 
and add to the main filtrate. Neutralise. Add a slight 
excess of BaClj and filter. Heat filtrate to boiling. Add 
(NHJaCOj. Make up to 305 ml., let settle and take 200 
ml. Evaporate to dryness. Heat gently. Extract residue 
with hot water, filter. Acidify filtrate with HQ, evaporate 
to dryness, ignite at low red heat. Cool and weigh as 
NaCl+KQ. Calculate o^Na,0+K,0 on the basis of2gms. 
of the ore, after determining total Cl by titration with 
0.02 NAg. NOg 
Note : — 

For a full account of the principles underlying the 
determination of alkalies, see Expt. 77. The modified 
procedure, in the case of the iron ore, described above 
is due to its ready solubility in HQ. BaCl, transforms 
alkali sulphates into alkali, chlorides. (NH 4 )aCOg precipi- 
tates Fe as hydroxide and Ca, Mg and Ba as carbonates. 
Allowance is made for the volume of the precipitate by 
making up to 305 ml. instead of 300 ml. . 

Loss on Ignition : — ^Ignite 0.5 gm. ore in a 
platinum crucible covered with lid. Cool and weigh. 

Rapid Method for Mn : — 

^ Fuse 0.1 gm. ore with2-3gms. of sodium bisulphate 
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in a platinum cm able for 15 minutes at a low red heat. 
Cool. Extract the melt with 10 ml. dil. HNOg of s.g 
1.2. Add 10 ml. more of the same acid. Dilute to 30-40 
ml. with water. Heat in a water bath. Add AgNOgand 
(NH 4 )gSg 08 and proceed as in Experiment 22. 

Rapid Method for TiOg : — 

The principle of the method is based on the fact that 
HgOg produces a yellow colour with Ti(S 04 )a in dil. 
HgSOg (1:3). This colour is due to the formation of 
pertitanic acid. The depth of colour is proportional 
to the amount of titanium present. 

Standard Solution: — Same as in Expt. 37, pp. 196, 197 

Procedure for Ore : — 

Fuse 0. 1-0.2 gm. of ore in a platinum crucible 
with 3 gms. NaHSO^ Cool. Extract with dil. H 2 SO 4 
(s.g. 1.2), Transfer to a graduated tube. Add 1 ml. 
pure HgP 04 and 3-5 ml. of HgOg or NagOg (0.5-lgm,), 
' in small quantities. Mix well. Pipette 1 ml, of the 
standard solution into a second graduated tube. Add 
HgOg, Make up to 100 ml. Mix well. Dilute the 
sample until its colour matches that of the standard. 

. Record of Results: — 

0.1 gm. ore taken. 

1 ml. standard solution diluted to 100 ml. 

This colour matched by the melt of ore on diluting 
to 20 ml. 

TiOa in the ore = -.2^ x 20 x 1000 
100 

= 0 . 2 % 

Nora : — 

The addition of orthophosphoric acid depresses the 
coldiM due to ferric sulphate formed by the fusion of 
the orb. 
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Phosphorus: — See Expts. 14 and 16 for ‘Principle’ 
and for Solutions Required’. 

Case I. Titanium is absent. 

Procedure : — Dissolve a 2 gm. sample of the ore 
in 40 ml. cone. HCl. Evaporate to syrupy consistency. 
Add 25 ml. HNOg ( s. g. 1.2 ). Without adding water, 
filter off the insoluble matter and wash filter and contents 
a few times with hot water. Heat the filtrate to boiling, 
add a solution of KMn04 until a pink colour persists. 
Continue boiling for 3 minutes. Destroy excess KMn04 
with NaaSOg. Boil 2 minutes longer ; cool to 70°C. 
Add 40 ml. ( NH4 )a M0O4. Shake vigorously for 3 
minutes. Filter and proceed with the alkalimetric titra- 
tion as in the determination of phosphorus in steel. 

Case II. Titanium is present. 

Procedure : — 

Dissolve 2 gms. ore in 40 ml. • cone. HCl in a 
200 ml. beaker. Evaporate to dryness. Redissolve in 
20 ml. cone. HCl. Dilute with 30 ml. water. Filter 
and wash the residue with water. Reserve the filtrate 
(A). Ignite the residue in a platinum crucible. Fuse 
it with about 5 times its weight of Na2COB. Extract 
the fusion with hot water. Filter off the residue in the 
residue the extract. Add the filtrate to A. Add 30 ml. 
cone. HNOg Evaporate to low bulk. Again add 30 ml. 
dil. HNOg of s.g. 1.2 and proceed and finish as above. 

Record and calculation of results : 

Weight of Ore =2 gms. 

Volume of NaOH soln. (1 ml.=-0002gm. P)=20.0ml. 
Volume of HNOg (1 ml. HNOg=l ml. NaOH) =14.0 ml. 
p_ 6 X. 0002x100 _06 


Notes 

When titanium is present in an ore, some of diephos- 



312 


phorus in the ote remains in the residue insoluble in 
hydrochloric acid. To recover this, fusion with NajCO, 
is necessary. The fusion products are sodium titanate, 
ferric oxide, sodium phosphate and excess of NagCOg. 
FeaOs and sodium titanate are insoluble in hot water 
while the sodium phosphate readily dissolves, in it. The 
filtrate containing the phosphate is added to the origi- 
nal filtrate from the insoluble residue, the determination j 
then finished as usual. It should be noted that titanium 
dioxide forms two salts with Na 2 COj. One has the 
formula Na 4 Ti 04 and the other Na 2 Ti 08 . 

The latter, known as the meta titanate, is obtained 
from the first by treatment with hot water and is 
insoluble in it. 

Sulphur : — See Expt. 18. 

EXPERIMENT 57 

Complete Analysis of Vanadium-bearing 
Titaniferous Magnetite Ore. 

The ore presents a variety of interesting analytical 
problems containing as it does titanium, iron, vanadium, 
manganese, etc. Titanium and iron cause interference 
not only in the determination of vanadium but they also 
cause interference in the determination of each other 
and vanadium causes interference ditermination of 
phosphorus. 

The finely powdered ore is fused with potas- 
sium bisulphate thereby converting the iron into 
ferric sulphate, the titanium into titanium sulphate 
and the vanadium into vanadic acid. The silicious 
matter in the ore remains, after the fusion, as silica. The 
cold melt is extracted with dilute sulphuric acid. Tartaric . 
add is introduced into the solution and a current of 
hydrogen sulphide is then passed. The tartaric add 
prevents vanadium from being thrown down as vana- 
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dium sulphide. Ammonium hydtoxide is next added 
until the solution is ammoniacal and the current of 
hydrogen sulphide is continued. This throws down iron 
as ferrous sulphide. It is filtered off, ignited to oxide, 
the oxide dissolved in hydrochloric acid, the solution 
reduced by stannous chloride and the determination is 
completed by the usual ‘procedure of adding mercuric 
chloride solution, followed by the addition of either 
standard potassium permanganate or potassium dichro- 
mate solution. 

The filtrate from the residue of iron sulphide is 
evaporated to dryness in a platinum dish and then 
ignited to destroy tartaric acid and other organic matter. 
The residues from ignition are fused with a mixture of 
sodium carbonate and potassium nitrate and the fused 
mass extracted with boiling hot water and the solution 
filtered. The residue on the paper contains all the 
titanium as sodium metatitanate and the vanadium is in 
the filtrate as sodium vanadate, free from the elements 
that will interfere with its determination. 

Determination of Titanium. 

Principle : — 

When hydrogen peroxide is added to a solution of 
titanium sulphate a yellow colour is produced. The inten- 
sity of the colour produced is matched with the colour 
produced by a standard solution of titanium sulphate, 
similarly treated with hydrogen peroxide. This method 
is applicable to cases where the percentage of titanium 
does not exceed five. Where, as in the case on hand, the 
percentage exceeds this figure, the method that is adopted 
is known as the Jones Reductor Method. The principle 
of this is that when a solution of titanium sulphate is 
passed through a column of amalgamated zinc, the tita- 
nium is reduced from the quadrivalent to the trivaknt 
condition. The titanous sulphate formed readily undet- 
40 
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goes atmospheric oxidation. Therefore it is collected in 
a solution of ferric sulphate. This oxidises the titanous 
sulphate and, in the process, forms an equivalent amount 
of ferrous sulphate. This latter is determined by the 
usual titration with standard permanganate solution. 

Determination of Vanadium. 

Principle : — , 

When an acidified solution of potassium or sodium! 
vanadate is treated with sulphurous acid, the vanadium 
is reduced from the penta to the quadrivalent stage. 
The excess, of sulphurous acid is then expelled by 
boiling and the vanadium in the vanadyl sulphate solu- 
tion is determined by titration with standard potassium 
permanganate solution, when the vanadium passes into 
the pentavalent condition. 

Determination of Phosphorus- 
Principle : — 

When ammonium molybdate is added to a solution 
containing phosphoric and vanadic acids, both are 
thrown down as precipitates. But if the vanadic acid is 
reduced to vanadyl sulphate either by ferrous sulphate 
or sulphurous acid and the precipitation is then made 
with ammonium molybdate, ammonium phospho moly- 
bdate, uncontaminated by ammonium vanado molybdate, 
is thrown down as a precipitate. This is filtered off, 
washed free of acid and precipitant and then dissolved 
in a standard solution of sodium hydroxide, using 
phenolphthalein as indicator. 1 ml. 0.2 2V-NaOH= 
0.00027 gm. P. 

The procedure adopted was as follows : — ■ 
Determination of Iron. 

0. 5 gm sample was fused with 5 gms. of potassium 
bisulphate in a platinum crucible of about 30 ml. 
capacity, covered with a lid, over a Bunsen burner at 
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dull red heat for 30 minutes. The cold melt was extracted 
with dilute sulphuric acid ( 1:9 ) and the solution was 
made up to 500 ml. exacdy in a 500 ml. gradu ated flask 
using the same dilute acid. 100 ml. of the solution were 
pipetted off into a 400 ml. tall form beaker, 3 gms. of 
tartaric acid added, and a current of hydrogen sulphide 
passed for 15 minutes. Ammonium hydroxide s. g. 
0.96 was next added until the solution was ammoniacal 
and then the current of hydrogen sulphide was continued 
for a further period of 1 5 minutes. The black preci- 
pitate of iron sulphide was filtered off, and a current of 
hydrogen sulphide was passed into the filtrate to ensure 
that no more iron was being precipitated. The preci- 
pitate was washed with hydrogen sulphide water to free 
it from titanium, vanadium, etc. It was then igni ed 
with the filter paper in a porcelam crucible. I he oxide 
obtained was brushed off into a 200 ml. beaker, 5 ml. 
concentaated hydrochloric acid were added to dissolve 
it and the same was heated gently for a few minutes. 
The solution was diluted with water to about 30 ml. 
and then boiled. The boiling hot solution was reduced 
with a solution of stannous chloride, added drop by 
drop from a dropping bottle until the solution became 
colourless and a few more drops of the reagent were then 
provided in excess. The cold and reduced solution of 
ferrous chloride was diluted with cold, distilled water 
to a volume of about 250 ml. The following reagents 
were then added in the order mentioned and, after the 
addition of each reagent, the solution was well stirred 

(I 3 . 10 ml. of a saturated mercuric chloride soludon. 

(2) 40 ml. of Zimmermann-Reinhardt reagent. 

See Expt. 9, p. 59. 

0.1 normal solution of potassium permanganate was 
then added from a burette until a pink colour persisting; 
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for about a minute was obtained. 1 ml. of 0.1 no rmal 
KMnO< *0.0056 gm Fe. 

Procedure for Titanium 

The filtrate from iron sulphide was cautiously eva- 
porated to dryness in a platinum dish over a mushroom 
top burner, ignited to destroy organic matter and the 
residue fused with 2-3 gms. of sodium carbonate and 
0.2 gm. of potassium nitrate. The fused mass when 
cold was boiled with water and filtered. The filtrate 
(F) was collected in a 500 ml. fiask. The residue (R) 
on the filter paper containing the titanium as sodium 
metatitanate was fused with 2-3 gms. of potassium 
bisulphate converting the titanium into titanium 
suphate. This was .extracted with 30 ml. of dilute 
sulphuric acid ( 1:9). The solution was passed 
through the Jones Reductor, the solution caught 
in a 500 ml. flask containing 40 ml. of ferric sulphate 
solution, obtained by dissolving 4 gms. of the salt 
in 40 ml. of dil. sulphuric acid of 1.1 s.g. The 
Reductor tube was washed free of titanium salt by 
passing 100 ml. of dilute sulphuric acid of s.g. 1.05. 
The solution in the flask which is a mixture of 
ferrous sulphate, ferric sulphate and titanic sulphate was 
titrated against a decinormal solution of potassium per- 
manganate until a pink colour lasting for a minute was 
obtained. 1 ml. 0.1 N — KMnO^= 0.008 gm. Ti02. 

Procedure for Vanadium 

The filtrate (F) was acidified with dilute sulphuric 
acid of s.g. 1.2. It was heated to boiling and then 
treated with a 1L solution of potassium permanganate 
until a distinct pink colour was seen. 5-10 ml. of 
normal sulphurous acid were then added to destroy the 
precipitate of manganese dioxide and to reduce the 
vanadium from the pentavalent to 'the quadrivalent 
condition. The excess of sulphur dioxide wm expelled 
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by passing through the solution a current of carbon 
dioxide from a Kipp’s generator. The vapours evolved 
were passed through 5 ml. of 1.01 s.g. sulphuric acid 
containing 2-3 drops of 0.03 normal potassium per- 
manganate solution, persistence of the pink colour in- 
dicating the absence of sulphur dioxide in the vapours. 
The current of carbon dioxide was stopped and 0.03 
normal potassium permanganate was added from a 
burette to the still hot solution (temperature 70°C — 
80 ‘^C) until a pink colour persisting for about a minute 
was obtained. A blank was run, using the same quan- 
tity of solid reagents and the same volume of liquid 
reagents as was introduced in the actual determination. 
The volume of 0.03 JV potassium permanganate intro- 
duced to obtain a colour of the same intensity as in the 
determination was deducted and then the percentage of 
vanadium calculated. 

1 ml. of 0.0333 JV— KMnO^^O.OOH gm V. 

As a check on the above procedure, vanadium was 
also determined by two alternative procedures. One 
of these is the classical method of Rose, as modified 
by Hillebrand. 

(a) The principle of the first method is that when 
a sample of the ore is fused with a mixture of sodium 
carbonate and potassium nitrate, sodium vanadate, 
arsenate, phosphate, titanate and silicate are formed, the 
oxide of iron remaining unaffected. Extraction of the 
cold melt with boiling hot water and filtration yield a 
residue of sodium metatitanate and oxide of iron on the 
filter-paper. The filtrate contains all the other salts, as 
they are soluble in water. Addition of acid to neutra- 
lize all but the equivalent of 0.3-0. 5 ml. N — HNO, of 
the alkaline carbonate and concentration to low bulk 
by evaporation followed by filtration yield, silica and 
titania as a residue. On treatment of the filtrate with 
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a neutral solution of mercurous nitrate, mercurous 
arsenate, phosphate and vanadate are thrown down as a 
mixed precipitate. This is filtered off and ignited in a 
platinum crucible. The product of ignition is a mix- 
ture of all the vanadium which was present in the ore, 
and a small amount of phosphorus, both in the form of 
their pentoxides, and is weighed. This is then fused 
with sodium carbonate and the phosphoric acid in the 
cold melt determined by the method already outlined. 
After conversion into PaOg, a deduction is made from 
the combined weight of VaOg and PaOg. The 
difference gives VaOg, from which the percentage of 
vanadium is calculated. The changes taking place on 
ignition are represented by the following equations : — 

(1) 4 Hga VO, 2 VaOa + 12 Hg + SOa. 

(2) 4 Hgg AsO,— ^ 2 AsaOe-b 12 Hg + 30<a. 

(3) 4 Hga PO, ^ 2 PaOg 4- 12 Hg -b 30.^. 

Va Og melts at 690°C. but does not decompose. 
The arsenic pentoxide decomposes into arsenic trioxide 
and oxygen. The former sublimes at about 190°C. 
P.Og is also volatile but some of it is retained by VjOg. 

(b) The principle of the other method is based 
upon the solubility in hydrochloric acid of the mineral 
coulsonite which is the form in which the vanadium 
is present in the ore and which has been assigned the 
formula FeO, (Fe, V)a 03 and the insolubility of iron 
titanate ( ilmenite ) in this medium. The solution is 
filtered, and the filtrate treated with a mixture of sodium 
hydroxide and sodium peroxide. This treatment throws 
down iron as ferric hydroxide along with any small 
amotmt of titanium that may have dissolved. “ The 
precipitate is filtered off. The filtrate is acidified with 
dilute sulphuric acid, boiled with 2% potassium per- 
manganate* solution, the excess destroyed by sulphurous 
acid, the access of the latter expelled by passing 
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COg from a Kipp’s generator and the determination 
completed as already described. 

The Procedure Adopted 

(a) Method of Rose : — 1 gm. sample of the ore was 
fused with 6 gms. of sodium carbonate and 0'5 gm. of 
potassium nitrate in a 30 ml. platinum -crucible over 
a blast lamp. The cold melt was boiled with 200 ml. 
water in a 400 ml. beaker after the addition of a few 
drops of alcohol to decompose the green sodium 
manganate that was formed and the solution filtered. 
The filtrate was treated with dilute nitric acid of normal 
strength, added from a burette until the volume of the 
acid was short by about 0.2 to 0.5 ml. of the volume 
of the acid of the same strength required for a blank 
using the same weights of sodium carbonate and 
potassium nitrate, and heating the mixture for the 
same length of time as in the run. The solution was 
evaporated until nearly dry and the residue was boiled 
with 100 ml. water, and filtered. The filtrate was 
cooled to room temperature and then treated with a 
freshly prepared and neutral solution of mercurous 
nitrate in small additions until no more precipitate was 
formed. The precipitate was allowed to settle, filtered 
off, ignited in a platinum crucible, and weighed. The 
residue was fused with about half a gram of sodium 
carbonate and the cold melt dissolved in water. The 
solution was acidified with dilute nitric acid, the vanadic 
acid reduced with 3-5 ml. of 0.1 normal ferrous 
sulphate, the solution heated to 70*^ C and treated with 
30 ml. of acid ammonium molybdate solution, well 
shaken, and the precipitate of ammonium phosphomo- 
lybdate filtered, washed free of acid with 1^ potassium 
nitrate solution and the precipitate transferred to the 
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vessel in which the ptecipitation was made, well shaken 
with 20 ml. watet and then titrated with 0.2 normal 
sodium hydroxide solution, using phenolphthalein as 
indicator. The weight of phosphorus calculated to PgOg 
was deducted from VgOg-l-PgOg, already obtained. The 
diflFerence gives VgOg. 

(b) Procedure for Vanadium : — 2gm. sample was, 
digested at room temperature with 40 ml. cone, hydro-i 
chloric acid for a period of 2-3 hrs. in a 150 ml. flask.’, 
The contents of the flask were then transferred to a 
400 ml. beaker and then evaporated to low bulk with 
the addition of 10 ml. concentrated nitric acid. This 
was then taken up in 20 ml. dil. hydrochloric acid, 
diluted with water to about 30 ml. and filtered. The 
filtrate (G) was collected in a 400 ml. beaker. The 
filter paper with the residue was washed free of iron, 
ignited in a platinum crucible and the ignited residue 
twice evaporated to dryness, each time using about 
3 ml. cone, nitric acid and 5 ml. hydrofluoric acid, 
added in this order. The residue was again evapora- 
ted with nitric acid alone twice, each time using 
5 ml. of the acid. The contents of of the crucible 
were ignited strongly and fused with 2 gms. sodium 
carbonate and 0.2 gm. potassium nitrate, the cold 
melt extracted with hot water and treated with dilute 
hydrochloric acid until acid and the solution added 
to the main filtrate (G). The combined filtrate was 
neutralized with a 14% solution of caustic potash. Care 
was taken that no persistent precipitate was formed in 
the process. The solution was boiled, transferred to 
a tap funnel and the solution was then run in, drops 
into 100 ml. of a freshly prepared and hot solution of 
potassium hydroxide of the same strength as above 
(14%) and containing 3-4 grams, of sodium peroxide. 
This operation throws down the iron and titanium, if 
any, as hydroxides whereas aluminium, phosphorus and 
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vanadium remain in solution. The tap funnel was rinsed 
twice with water and the solution was boiled' and 
filtered to free it from iron and titanium hydroxides. 
The filtrate (H) was received in a 700-800 ml. fiask. 
The residue was redissolved in 20 to 30 ml. cone, hydro- 
chloric acid and the processes of neutralization wih 
KOH, adding, from a tap funnel, this neutralized solu- 
tion to 100 ml. of a hot 14% KOH solution containing 
1-2 gms. of sodium peroxide, boiling and filtering 
were repeated. The filtrate obtained was added to 
the main portion (H). The repetition of the process 
has for its object the recovery of any vanadium that 
may be occluded by the rather bulky precipitate of 
ferric hydroxide. 

The combined filtrates were neutralized with dilute 
H2SO4 ( s.g. 1.2 ) and a little excess of it added. The 
solution was then treated with a 2% KMnO^ solution 
until it was coloured pink. The further procedure 
from this point was exactly the same as was described 
under ‘Procedure for vanadium’. 

Procedure for Phosphorus 

1 gm. sample of the ore was sintered in a nickel 
crucible with 3-4 gms. of sodium peroxide, the mass 
extracted by immersing the cold crucible in 200 ml. 
of hot water contained in a 400 ml. beaker. The 
solution was boiled and filtered. Dilute HNO, of S.G. 
1.2 was added to the filtrate until it was acid and then 
3-4 ml. more. 3-5 ml. of 0.1 normal ferrous sulphate 
solution were next added. This was followed by the 
addition of 6 gms. of ferric nitrate crystals, a few drops 
of normal sulphurous acid, and then the solution was 
heated up to70°C. 30 ml of acid ammonium molybdate 
were next added, the mixture was well shaken and 
the precipitate allowed to settle for 48 hgurs. This 
was filtere(i off, washed with 1 % KNO, solution to free 
41 
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it from ferric salts, molybdate reagent and acid. The 
filter paper with the precipitate was then transferred to 
the vessel in which the precipitation was made, 20 ml. 
of water added, the contents well shaken, a few drops 
of phenolphthalein added and then 0.2 normal sodium 
hydroxide solution added from a burette until a pink 
colour was obtained. 

Determination of Manganese. 

Manganese is oxidised from the bivalent to the 
heptavalent condition in nitric acid solution by .sodium 
bismuthate. This reagent oxidises vanadium also from 
the quadri to the pentavalent condition. The permanga- 
nic and the vanadic acids are treated with a measured 
excess of a standard solution of ferrous sulphate and 
the excess of the latter then obtained by adding from a 
burette a standard solution of KMn 04 . If the two 
' solutions are of equal strength, then the difference 
between the two volumes used is a measure of the 
amount of manganese. 1 ml. of 0‘03iVFeS04= 0*00033 
gm. Mn." 

Procedure : — 0*1 gm. sample of the ore was fused 
with 3-4 grams of potassium bisulphate in a platinum 
crucible and the fusion was extracted with 20 ml. dil 
HNO, of s.g. 1*2. The cold solution was treated with 
0*5 gm. of sodium bismuthate and well shaken for 3-4 
minutes. This solution was then filtered through asbes- 
tos filter pad contained in a Gooch crucible, to free it 
from excess of bismuth tetroxide, which is a product 
of the decomposition of the bismuthate. To the filtrate 
a known excess (about 20*0 ml.) of 0*03 normal ferrous 
sulphate was added from a burette and then 0*03 norm- 
al KMnO^ was added until a pink colour was obtained. 
The solution was then heated up to about 70®C., and 
the permanganate addition made until a pink colour 
persisting for about a minute was obtained. 
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The object of heating up to 70®C towards the end 
of the titration is to ensure that the vanadium which 
was in the pentavalent condition before the introduction 
of ferrous sulphate is restored to that very condition 
at the end of the titration. In cold solution, this is not 
quantitatively effected by KMn 04 solution but at the 
temperature specified (70 °C) the oxidation becomes 
quantitative. . It must be remembered that ferrous 
sulphate reduces both permanganic and vanadic acids 
formed by the action of bismuthate. The permanganate 
addition restores the vanadium to its original condition 
but is without effect on the reduced manganese. 

Determination of Silica. 

1 gm. sample of the ore was fused with 4-5 gms. of 
potassium bisulphate in a covered platinum crucible at 
dull red heat for about one hour. The cold melt was 
extracted with dilute sulphuric acid (1:9) and filtered. 
The residue with the paper was ignited and the fusion, 
extraction and filtration repeated. The final residue 
with the filter paper after freeing from iron and pota- 
ssium salts was ignited in a platinum crucible and 
weighed. The crucible and contents were treated with 
1 ml. dil HgSO^Cs.g. T2) and 10 ml. HF and evaporated 
to fumes. The treatment with the acids and the evapora- 
tion were repeated and the residue heated strongly at 
800-900”C, the crucible cooled in a desiccator and 
weighed. The difference between the original weight 
and the final weight represents the silica. 

The results of analysis of the sample are : — 


Fe calculated to FegO^ 

72'03% 

VA 

l-577o 

TiO, 

17-80% 

MnO 

0-20% 

PA 

0-11% 

SiOi 

1-23% 
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EXPERIMENT 58. 

Complete Analysis of Manganese Ore. 

The following are determined : — 

SiOs, MnO, MnO», Fe, S, P, BaO and CaO. 

Silica : — 

Dissolve 1 gm. of the ore in 15 ml. cone. HCl in aj 
150 ml. casserole with cover-glass on. Evaporate to 
dryness. Redissolve in HCl. Take to low bulk. Add 
8-10 ml. ( 1:1 ) HjSO^ and evaporate to fumes. Cool. ' 
Boil with 100 ml. water. Filter. Wash. Transfer filtrate 
(A) to a 500 ml. measuring flask. Make up to the mark. 
Ignite residue in a platinum crucible. Weigh. The 
weight represents the weight of the crucible and the 
residue of silica and barium sulphate. Treat with HF 
and H,SO^. Ignite and weigh. The loss represents SiO,. 

Procedure for BaO ; — ■ 

Fuse the residue left after this treatment with about 
1 gm. NaaCOj. Extract with water. Filter. Dissolve the 
residue in dil. HCl of s.g. 1.1. Neutralise excess acid 
with NH.OH. Add 1-2 ml. HCl. Precipitate as BaSO^ 
by the addition of dil. H 3 SO 4 . Filter, ignite and weigh 
as BaS 04 . Calculate to BaO. 

Procedure for Mn : - - 

Pipette off 100 ml. of filtrate (A) into a 400 ml. 
beaker. Heat to boiling. Add zinc oxide emulsion until 
the free acid is neutralised, Fe (OH )3 is thrown down 
as a ppte. and a slight excess of zinc oxide is present 
which is indicated by the milkiness of the upper layer 
of liquid. Filter. Proceed by the Volhard method the 
principle of which is as follows : — 

When a neutral and boiling hot solution of man- 
ganous -sulphate is treated with a standard solution 
of KMnOj, MnOg is thrown down as a ppte. Complc- 
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tion of the precipitation is indicated by the appearance 
of a pink colour. This gives the total Mn, that is, Mn 
present as MnO and that present as MnOj. To 
determine MnO, proceed as follows : — 

Introduce 1 gm. ore into a 500 ml. flask. Also intro- 
duce 10 gms. ( exactly weighed*) of FeSO^, (NH4)jSO^, 
6H2O into it. Add 100 ml. 'dil. H2SOi s. g. 1.3 and a 
cal cite crystal. Close the mouth with a one holed cork. 
Boil until no dark particles of ore are seen. Introduce 
calcite x:rystals into the flask and cool. Add 0*1 -N 
KMn04 until a pink colour persists. The volume of 
KMn04 used gives the excess of FeS04. By difference 
the amount of FeS04 used up is obtained. From this 
the manganese present as MnOg is calculated. From the 
total Mn and that present as MnOj the quantity present 
as MnO is obtained. The reaction is : — 

Mn 0 a-|- 2 FeS 04 + 2 HaS 04-4 Fe, (S 04 ) 8 -hMnS 04 

+2H2O. 

Notes on the Volhard Method : — 

(1) Manganese ore is always associated with a 
certain amount of iron. This goes into solution along 
with Mn. Volhard’s method is applicable only when 
the iron is removed as Fe (OH)^ by precipitating with 
zinc oxide. Other precipitants like NFI4OH or NaOH 
will precipitate both Fe and Mn as hydroxides. 

(2) Much of the free sulphuric acid may be neut- 
ralised by a solution of Na,COs before the introduction 
of zinc oxide emulsion. 

#(3) To prevent the precipitation of Mn by any 
inadvertent, liberal addition of zinc oxide, 2 gms. of 
ZnS04 are added prior to the addition of ZnO. 

(4) The zinc oxide used must be free from ZnCOg. 
As ordinarily obtained, it contains some ZnCOj. It is 
best, therefore, to ignite immediate ly before use the 
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oxide in a nickel or platinum crucible to decompose 
any carbonate of zinc. The presence of carbonate will 
tend to remove a part of Mn as MnCOj along with Fe 
(OH)g, thus causing low results for Mn. 

(5) The addition of a few drops of dil. HNOg 

(s.g. 1*2) just before titration facilitates the gathering 
together and settling down of MnOj precipitate and j 
hence the end point is sharply indicated. \ 

(6) In the case of unknown ores, it is best to heat 
to boiling for a minute or two the assay solution, the 
titration of which is apparently finished, to see if the 
pink colour persists ; if it does not persist, a few more 
drops of KMnO^ are added until the pink colour 
persists. The final reading is then taken. To catch 
the end-point, support the flask as in Fig. 20. 



Record and Calculation of Results for total Mn 4 — 
Weight of ore taken 1.0000 gm. 

Solution was made up to 500 ml. exactly. 

100 ml. Soln. ( =0’2 gm. sample ) consumed 70’0 
ml. of 5/56 N KMtiO* 
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From the equations : — 

3 MnS04+2 KMn04+2 H^O -4 5 MnOgH- 

2 KHS04+H,S04 
10 FeOf2 KMn04 —> 5 Fe20,+K204-2 MnO, it 
follows that 

2 gm.-moles of KMnO4-T=10 gm.— atoms of Fe 

=3 gm.-atoms of Mn 

Ci. e.) 10x56 gms of Fe=3x55 gms. of Mn. 

• ' 8”- ''' “ 1W6- 

1 ml. of^/56 iV KMn04=0"005 gm. Fe gm. 

=0-001473 gm. Mn. 

Mn content of the ore=500x 70x0-001473=57.00% 

An alternative method of calculation is based on 
the following principle; — In the presence of a reducing 
agent and in a neutral medium, KMnO^ decomposes as 
follows : — 

2 KMn04 — > K20+2Mn02+3 (O.) 

The permanganate solution which is 5156 N in 

5 6 3 

acid medium will therefore be ^"^10°^~56 ^ ^ 

neutral medium. 1 ml. of 3/56 N KMn04 0-001473 
gm. Mn. 

Procedure for Fe : — 

Proceed exactly as in Experiment 10. 

Procedure for AlgOs ; — 

Dissolve 1 gm. in 20 ml. HCl in a 150 ml. covered 
casserole. Evaporate to low bulk. Again add 10 ml. 
HCl. Evaporate to dryness. Take up with 20 ml. of dil. 
HCl (IH). Filter. Reserve filtrate (A). Ignite residue in 
a platinum crucible. Cool. Weigh. Treat with HF+ 
HgS04. Evaporate to fumes. Extract the residue left 
with HCl, Add to (A). Precipitate Fe and A1 • as basic 
acetates as. in Experiment 21. Filter. Dissolve the 
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residue in HCl and determine A1 as AlPO< as in 
Expt. 67. From the filtrate throw down Mn as 
MnOg ( Expt. 21 ). Filter off MnOg. From the filtrate 
determine CaO as in Expt. 11. 

Procedure for S : — 

That portion of S in the ore which can be dissolved 
in aqua regia is determined as shown in Experiment 18| 

That portion of S present as BaSO^ is determined by\^ 
fusion of the residue insoluble in aqua regia with \ 
‘fusion mixture’ in a platinum crucible. This yields 
BaCOg and NagS 04 . The latter is soluble jn water and 
therefore separated from the former by solution in water 
and filtration. Acidify filtrate with HCl. Evaporate 
to dryness. Take up with HCl. Filter off any residue of 
SiOj. Adjust acidity and add BaCl,. Filter, ignite and 
weigh the residue of BaSO^. From the two experi- 
ments calculate the total sulphur. 

Phosphorus : — 

Dissolve 2 gms. of the ore in jHCl. Evaporate to 
dryness. Redissolve in HCl. Filter off insoluble matter. 
Ignite it in a platinum crucible, treat with HF and 
H 1 SO 4 . Add the resulting sulphate solution to the 
original filtrate. Add ammonia until a precipitate forms. 
Redissolve in HNOg, heat to 70°C, add ( NHJs M 0 O 4 
and finish by the alkalimetric titration of Expt. 16. 

Origanic Matter and loss on ignition: — For the 
determination of these, proceed as in Experiment 56. 

EXPERIMENT 59. 

Complete Analysis of a C'opper ore. 

Silica : — ’Dissolve 1 gm. of the finely ground ore 
in 20 ml. HNOg (s.g. 1.2) in a 150-200 ml. casserole. 
Cover with a cover glass, evaporate to dryness, take 
up in HCl, dilute, boil, filter, wash, ignite and weigh 
SiO^ and insoluble matter. 
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Sulphur : — 

Boil filtrate, add 10 ml. of 10% BaCla solution, 
boiling hot, allow precipitate to settle on a hot plate at 
about 100°C. for 1 hour, filter, wash, ignite in a porce- 
lain crucible at a dull red heat and weigh as BaSO^. 

Remove the excess of BaClg in the above filtrate 
y adding HjSO^, evaporating near to dryness, taking 
up with HjO, filtering off the precipitate pf BaSO, and 
discarding the same. Determine the copper from the 
filtrate as in Experiment 43. Principle and procedure 
for determining copper only in an ore are described 
fully at the end of this expt. 

FegOa+AlaCa+PaO, 

Add 2 ml. HNOj to solution left after separation of 
Cu by electrolysis, and precipitate Fe, A1 and P by the 
‘basic acetate’ method of Experiment 21. Filter wash 
ignite and weigh as Fe^Oa+AlaOa+PaO,. Call the 
filtrate (F;. Dissolve the residue in HCl and deteimine 
A1 as AlPO^ by the method shown in Expt. 67. 

Acidify the filtrate from AlPO^ with dil. HQ, boil off 
SOg, filter off sulphur, reduce filtrate with SnQg and 
determine Fe as shown in Experiment 10. 

Determine P on a fresh sample. Proceed as follows : 

Dissove 2-5 gms. of the sample in 30 ml. HNO 
(s.g. 1.2), in a 200 ml. beaker, add HF in drops at a 
time, using about 2 ml. in all, evaporate to low bulk. 
Filter and precipitate P as (NHJg PO, , 12MoO„ from 
the filtrate by the method of Expt. 16 and finish as 
shown thereunder, 

Make the filtrate ( F ) from the precipitation of 
FejOj, AlgO.T and PaO,, alkaline with NH^OH, warm and 
pass H 2 S, filter off any precipitate of Zn, Mn, Ni and 
Co. Wash. Reserve the filtrate F, for the determination 
of Ca and Mg. 

42 
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Manganese^ : — 

Dissolve the precipitate in hot cone. HCl wkh a 
little cone. HNOj, add 20 ml. NaC 2 H 208 ( 7 gms. 
salt in 20 ml. water ) and again pass H 2 S. Filter. The 
residue consists of Zn, Ni and Co sulphides, hdn is in 
the filtrate. Determine it by the method shown in 
Expt. 22 after evaporating the solution to low bul 
with dil. HNOs of s.g. 1 . 2 . 

Cobalt^ : — , 

Dissolve ths precipitate containing Zn, Ni and Co', 
in aqua regia, make alkaline with KOH, add acetic acid ' 
until the solution is acid and then add cone, solution 
of KNO 2 equal to half the volume of solution, allow 
to stand for 24 hours, filter, wash with 10% solution of 
CgHjOjK, dry and ignite the potassium cobalt nitrite 
precipitate, moisten with a little (1:1) H 2 SO 4 and 
re-ignite. The precipitate has the composition 2 C 0 SO 4 
+ 3 K 2 SO 4 . Factor = 0.1417. 

NickeF : — 

To the filtrate from Co precipitation, add NH4Q 
and NH4OH, just acidify with HCl, boil and add 20 ml. 
of a 17a alcoholic solution of dimethyl glyoxime, make 
just ammonia cal and precipitate Ni, filter, transfer the 
moist precipitate to a porcelain crucible, dry at the 
mouth of a muffle furnace and gradually push into the 
hot part. Ignite at 800°C. Cool and weigh as NiO. 

Zinc^ : — 

Decompose the excess of glyoxime in the filtrate by 
boiling it with 10 ml. cone. HCl. Make alkaline with 
ammonia ; pass HjS until freely smelling of H,S, filter, 
wash, ignite carefully and weigh as ZnO. 

Calcium Oxide : — 

Boil off HjS from the filtrate *F,’ obtained from the 
Saa^ord and Kanis, *The Metallurgists’ Manual. 
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pjredpitation of Zn, Mn, Ni and Co ; add NH 4 OH and 
10 ml. of 10% NH 4 CI, boil and add 20 ml. of 12% (NH^)!- 
C 2 O 4 , allow to stand, filter, wash free of precipitant, 
dissolve the precipitate in 5 ml. dil. HjSO^ of 1.2 s,g., 
heat to 70®C. and titrate against 0.05 N-KMnOi as in 
Expt. 1 1 Calculate to CaO. 

MgO : — 

To the filtrate add 50 ml. of NH4OH of 0.90 s.g. 
and 5 ml. of a 20% solution of (NH 4 ) 2 HP 04 with cons- 
tant stirring, allow to settle, filter, wash with dil. NH4- 
OH (1 : 10), dry, ignite and weigh as Mg^PsiO,. 

Silver and Gold : — 

These are determined by a combination of wet and 
dry assay methods described in Experiment 53. 

Determination of Copper : — 

Principle ; — 

When potassium iodide is added to a solution of 
copper sulphate in water, iodine is liberated. By 
, titrating the liberated iodine against a standard solution 
of sodium thiosulphate, using freshly prepared starch 
solution as indicator, the amount of copper can be 
determined. The reactions that take place are represented 
by the following equations : — 

2 CUSO 4 + 4 KI — > 2 CuH- 2 K,S 04 -f-l 2 ( 1 ) 

2 Na 2 S 20 ,+Ia — > 2 NaI+Na 2 S 406 ( 2 ) 

From equation ( 1 ) it is clear that 1 gram-atom of 
free iodine corresponds to 1 gram-atom of copper. 

Solutions Required : — Shown at the end of this 
exercise. 

Procedure : — 

Weigh 1 gm. sample of the finely powdered ott 
in a 250 ml. casserole. Use a cover glass.* Add 10 
ml. ccmc. ‘HCl and beat on the hot plate fqt 10>15 
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minutes. Add 10 ml, cone. HNOg and heat until 
the ore is completely dissolved. If sulphur globules 
appear, add 0.5 gm. KClOg and heat until they disappear. 
Evaporate to fumes with 10 ml. of 1:3 H2SO4. Cool. 
Add 30 ml. of water cautiously. Boil until all soluble 
matter dissolves. Filter off the insoluble matter. Wash 


the filter paper and residue free of copper with 1:5 H2 
SO4. Reject the residue. Add 4 gms. of granulated 
zinc to the filtrate. The solution becomes colourless 


in about 4-5 minutes after the addition of zinc. Hedt 
to dissolve the excess of zinc. Add 25 ml. of a saturated 


solution of hydrogen sulphide in water to preci- 
pitate traces of copper which may still be left in 
solution. 

Filter and wash with water saturated with hydrogen 
sulphide until the filtrate is free from soluble iron salts. 
Perform the test as follows: — Collect 5 to 10 ml. of the 
filtrate in a clean test-tube, boil to expel hydrogen 
sulphide, add 2 to 3 drops of cone. HNOg, shake, 
cool, dilute to 20 ml. with water, add a few drops of 
a solution of ammonium or potassium sulpho cyanide. 
Absence of a red color indicates that the filtrate is 
free from iron salts. Transfer the metallic residue on 
the filter-paper by means of the wash bottle jet to 
the casserole in which the copper was precipitated 
by zinc. Not much water is to be used in the act of 
transfer of residue. 10 ml. of it will do. Cover with 
a cover glass. Add through the spout 10 ml. cone. 
HNOg to the casserole with the residue of copper. Heat 
until dissolved. Pour the hot solution on to the filter- 
paper. Any residue of copper adhering to the paper 
is dissolved by this means. To dissolve any sulpiride 
of copper which may still remain on the paper, pour 
on to it 5 ml. of bromine-water, receiving the filtrate 
in the same casserole in which the main bulk of the 
solution of copper residue in HNOg is • contained. 



Wash the filter-paper 5 or 6 times with hot water 
collecting the washings in the same casserole. 

By proceeding as described above a solution of Cu 
in HNOg free from iron, which was associated with the 
ore, is obtained. The volume of the solution at this 
stage should not exceed 75 ml. 

Boil this solution vigorously for about 10 minutes 
until the bromine is completely expelled. Expulsion 
may be considered complete when volume is reduced to 
about 40-50 ml. Cool. Add ammonia (s. g. 0.90) until 
the solution becomes just blue. Boil 2-3 minutes. Add 
acetic acid (Bench Reagent) .until the smell of ammonia 
is destroyed, then add 2-3 ml. of glacial (i. e.,) cone, 
acetic, acid. Cool to room temperature. Dilute to 
about 50 ml. with distilled water. 

Add 3 gms. of KI. Due to the liberated iodine and 
the solution of the same in the excess of KI, the liquid 
becomes brown. Run from a burette standard sodium 
thiosulphate solution. The brown colour changes 
gradually deep yellow. When the yellow colour has 
become faint, introduce 5 ml. of freshly prepared starch 
solution. A deep-blue colour is developed. Continue 
to run the thiosulphate solution until the blue colour 
becomes faint, or, is just destroyed. The blue colour 
must not reappear until after the lapse of about 5 
minutes. If it reappears earlier, the experimental 
details given above have not been strictly adhered 
to. In this case the determination will have .to be 
repeated. 

Calculation : — 

If 1 ml. of thiosulphate solution equals 0.005 gm. 
Cu and if in an assay on 1 gm. sample 40.0 ml. of the 
thiosulphate solution have been used up tq reacii the 
end-point, then the percentage of copper is 20. 
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Notes 

(1) The method of ‘Opening out’ depends on the. 
nature of the ore. Oxidised and partially oxidised ores 
are opened out as described. Copper concentrate, on 
the other hand, is more readily and easily opened out by 
concentrated nitric acid containing potassium chlorate 
dissolved in it at room temperature. The desirable 
proportions are 100 ml. cone, nitric acid to 10 gmsi 
potassium chlorate. Use at the rate of 20 ml. of thi^, 
mixture per gm. of concentrate. The process, of solu-\ 
tion and the fuming with cone, sulphuric acid are very 
conveniently and expeditiously carried out in a 100 ml. ' 
Jena or Pyrex flat-bottomed flask which can be manipu- 
lated over a bare flame by using a wire flask-holder. J An 
alternative procedure for opening out the concentrate 
consists in dissolving it in a mixture of cone, nitric acid 
and liquid bromine. 20 ml. of cone, nitric acid and 1ml. 
of liquid bromine are suitable quantities for 1 gm. con- 
centrate. This mixture should be allowed to act on the 
concentrate for 5-10 minutes at room temperature in 
the wash-bottle shaped Jena flask, when the solution 
should be completed by boiling. In either case fuming 
with sulphuric acid should follow solution. 

(2) In washing the residue of copper and copper 
sulphide free of iron, great care must be taken not to 
allow the filter paper to drain completely. The addi- 
tion of wash-liquid, namely H 2 S water, must be made 
while there is still some liquid left on the filter-paper. 
If this is not done, CuS will be oxidised by atmospheric 
oxygen to basic sulphate and will then pass into 
the filtrate. 

(3) The iodide method of determining copper can 
be carried out only when no free mineral acids are 
present in solution. 

(4) The reagents used must be the purest obtainable. 
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The potassium iodide used must be free from potassium 
iodate. Test as follows : — 

Dissolve 0.5 gm. of KI in 5 ml. of water, add 1-2 
ml. of dil. HjSO^ (1:5) and a few drops of freshly 
made starch solution. No blue colour must develop 
within 5 minutes. 

• (5) The copper ore is always associated with iron- 
oxide or pyrites, and sometimes with arsenic and anti- 
mony. Before the addition of KI, it is necessary to 
remove the iron. If this is not removed, the percentage 
of copper returned will be high. The following reac- 
tions will make the point clear : — 

2FeCl3+4KI — > 2FeI,-h4KCl+a, 

2KI-I-C1, — > 2KCl-fI, 

Arsenic and antimony are reduced when present in an 
ore to arsenious and antimonious acids during the 
deposition of copper. These acids form arsenide and 
antimonide of Cu to a certain extent. By dissolving 
the deposited copper in a mixture of HNOg and 
bromine-water, arsenic and antimony are oxidised to 
the pentavalent condition. In this condition, they do 
not interfere with the assay but when present in the 
ous ( i.e. ) the trivalent condition, a lower value is 
obtained for the assay. This will be evident from the 
following reactions : — 

As*Oa -h 21, + 2H,0 — > AsjO, + 4HI 
Sb,0, + 21, + 2H,0 SbaOg + 4HI 
The addition of starch solution must be made to- 
wards the end when the colour is light yellow. If 
added at the beginning, the blue coloured compound 
of iodine and starch is formed in large amount and is 
not easily decomposed by the thiosulphate solution. 
The percentage of Cu obtained will therefore be slightly 
lower. . 
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(6) The solution to which KI is to be added must 
not contain any nitrous acid, nitric acid, or bromine- 
water. When copper dissolves in HNOg, a certain 
amount of HNOg is formed. This is neutralised by 
ammonia forming ammonium nitrite. When the solu- 
tion is boiled, the ammmonium nitrite decomposes into 
nitrogen and water. Both HNOg and Brg when present 
will register a higher value for copper. The following 
reactions will make this clear: — 

NH^NOg-i-HCgHsOg — > NH^CgHgOg+HNOg \ 

3HNOa — > HNOg + HgO + 2NO 
6KI+8HNOg 6KN03+4Hg0+2N0+3Ig 
2KI+Brj — > 2KBr + I, 

NH4NO, — > Ng + 2H,0 

(7) The solution to which KI is to be added must 
contain free acetic acid. Too much ammonia added to 
neutralise the free mineral acids is harmful in that 
ammonium acetate is formed on the subsequent addi- 
tion of CHgCOOH in large amounts which salt prevents 
the reaction between KI and Cu ( CgHjO, )j from 
proceeding to completion. 

(8) Aluminium is also used in place of zinc for 
depositing copper ; but its action is slow. 

(9) As an alternative to precipitation of copper 
by means of zinc or aluminium, the precipitation as 
copper sulphide can be made, the sulphide ignited in a 
porcelain crucible to oxide, the oxide dissolved in 
dil. HNOg ( 1 : 3 ) in the crucible itself, the solution 
transferred to a 200 ml. conical flask, and the deter- 
mination finally carried out by the iodide method 
as already described. 

Procedure for precipitation as CuS and finishing :~ 

Boil the mass resulting from the fuming operation 
with 20-30 ml. water and filter. Gjllect the filtrate 
in a 600 i^l. beaket. Wash the flask and filtet-papet 
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5-6 times with warm water. Dilute the filtrate to a 
volume of 300 ml. Heat to boiling. Pass a rapid 
stream of hydrogen sulphide until the contents of the 
beaker fall to room temperature. This will take 20-30 
minutes. Filter off the sulphide of copper. Collect the 
filtrate in a second beaker, heat it to boiling and repeat 
passing hydrogen sulphide to ensure that no more 
copper is present. In washing the precipitate of copper 
sulphide, the precautions already described must be 
observed. The precipitate with paper is ignited in a 
porcelain crucible at 700®-800® C., cooled and dissol- 
ved in 5-6 ml. dilute nitric acid of s.g. 1.2 and from 
this point the procedure is the same as already 
described. 

The great advantage of this method lies in the fact 
that the solution of the oxide which results from the 
sulphide is much more rapid than the solution of the 
copper and the copper sulphide which latter is necess- 
arily present when copper is precipitated by means of 
zinc and hydrogen sulphide water. 

EXPERIMENT 60. 

Complete Analysis of Chrome-Iron-Ore- 

The following are determined : — CrgO,, SiOg, FeO, 
AlgOg, CaO, MgO and Loss on ignition. 
Determination of CrgOg 
Principle : — 

When the ore is fused in a nickel crucible at a dull 
red hpat with sodium peroxide, the chromium in it is 
converted into sodium chromate, the SiO, and the AlgO, 
into sodium silicate and aluminate respectively, the FeO 
into Fe^Og, and the calcium and magnesium .being left 
in the form of their oxides. When the fused mass is 
43 
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dissolved in watet and the solution is filtered, all 
above substances excepting FegOg, MgO and CaO pass 
into the filtrate. This is acidified with HjSOg, excess of 
sodium peroxide which has been changed into H 2 O 2 by 
the addition of water, destroyed by boiling with a solu- 
tion of KMnO^, the precipitated Mn02 dissolved by 
adding HCl and the chromic acid solution thus obtaii^ 
ed is titrated against a standard solution of FeSO]^ 
(NH 4 )^S 04 , 6HjO, potassium iferricyanide acting as ai^ 
external indicator. \ 

Procedure : — 

Introduce about 2 gms. of NagOg (2 spatulafuls) in- 
to a nickel crucible. Introduce into it 0.5 gm. of the 
finely powdered ore ( at least-100 mesh ) accurately 
weighed, cover with a layer of 4-5 gms. of NaaOg. 
Stir the mass with a glass rod. Brush off particles stick- 
ing to it into the crucible with a camel hair brush. 
(In winter there is no difficulty in doing this ; but in 
the monsoon months, the mass becomes sticky and the 
removal of particles sticking to the rod is difficult. In 
such a season, it is best not to mix the contents at all.) 
Cover the crucible with a lid and heat the contents 
over a low Bunsen flame so that the bottom of the 
crucible is just at a dull red heat. Maintain at this 
heat for 1 5 minutes. Cool. Add again 2 gms more of 
the peroxide and heat for 10 minutes more. Get a bea- 
ker (600 ml. capacity) containing about 300 ml. water 
ready by heating it to about 80°C. When the nickel 
crucible and contents have been kept in a fused condi- 
tion for half an hour on the whole, remove from the 
flame by means of tongs, and let cool. When cold 
plunge into the water in the beaker. Lift it off the sur- 
face of th(c water ^d rinse it three or four times with 



watet. To the solution in the beaket add 100 ml. of 
water and boil for 10 minutes to decompose HjO,. 
Filter. Cool. To the cooled filtrate add cone. HaSOa to 
distinct acidity. Heat on the hot plate or over a mush- 
room top burner. When boiling, add, in drops, a 5% 
KMnO^ solution until a pink colour persists. When 
the boiling is continued for 15 minutes, introduce 
10-15 ml. HCl of 1.1 s.g. Add 200 ml. more water. 
Continue boiling until the smell of chlorine is no longer 
perceptible. This will be the case when the volume 
has been reduced, by boiling, by about 100* ml. The 
solution must at this stage be perfectly clear. Cool. 
Finish by titrating with standard FeS 04 , (NH 4 )gS 04 , 
6HjO. The procedure is the same as in determining 
Fe in an iron ore by using standard KaCraO, for 
titration, except that in the former case, the stan- 
dard ferrous sulphate solution is run from the burette 
whereas in the latter case, the standard dichro- 
mate is run into the reduced iron solution. A 
better way g£ carrying out the titration is to 
add excess of the standard ferrous ammonium 
sulphate solution and titrate the excess back with 
standard potassium dichromate solution. The volume 
of standard ferrous ammonium sulphate solution 
used up gives a measure of the amount of Cr in 
the ore. 

Determination of SiOs : — 

Principle and Procedure : — 

As given under the heading ‘Principle’ for OjO, 
determination, the SiOj in the ore is converted into Na* 
SiOg on fusion with NagO, in a nickel crucible;. The 
fused mass is taken up in water in a 5 to 6 inch porce- 
lain evaposating dish, treated with oonc. 



340 


acidity and evaporated to dryness. The dried mass is 
boiled with 50 ml. dil. HCl and the SiOj filtered off, 
ignited and weighed. The SiO, may be purified by 
treatment with HaS04 and HF when a high degree of 
accuracy is required. 

Determination of FeO : — 

/ 

To the filtrate from SiO,, add 3 gms. NH4CI and 
then ammonia until it smells of it. Boil. Filte^ 
off the mixed precipitates of Fe ( OH A1 (OH)g\ 
and Cr ( OH )g . • Redissolve in dil. HCl (1:1) 
and reprecipitate by the addition of ammonia, 
filter off the precipitate, dissolve in dil HCl, reduce 
when hot with SnClg, cool, add HgCI, to remove 
excess of SnClg and titrate with standard KaCrgO^ 
solution, using K4FeCy8 as an external indicator. 
See Expt. 10. 

Determination of Al^Os : — 

Extract the fusion product of 1 gm. ore with 
Na203 with water. Bring the volume of solution 
to about 300 ml. Boil to decompose excess NagOg. 
Filter. To the filtrate which contains A1 as Nag 
AlOg and Cr as Na, Cr04 add dil. HCl until faintly 
acid. Add excess of ( NH4 )g HPO4 solution to pre- 
cipitate A1 as AIPO4 and 5 gms. of NH4C,HgOa to 
convert any free HCl into CgHgOg and thereby destroy . 
the solvent action of HCl on AIPO4 . Boil, filter 
off the precipitate of AIPO4, ignite in a porcelain 
crucible and weigh. 

Determination of CaO and MgO : — 

The following is the scheme in outline for the 
detemunatioli of CaO and MgO : — 
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Fuse the ore with dissolve in water and filter. 


Filtrate consists of 
NajCrO^.NaaSiOgjNaAlOa 
NagSO^ and NaaPO^. 

Add NH^Cl until fixed alkali is 
destroyed, boil and filter. 


Residue consists of Filtrate consists 

SiOa, AlaOj and AlPO^. of NaaCrO^ 
Dissolve in HCL NagSO^ 

'Mix the two — — ^ 
solutions and 

continue evaporation to dryness. 

Redissolve in dil. HCl and filter. 


Residue consists of 
SiOa, AlaOgjF eaOa,MnOa 
CaO,MgOandNiO ( the last 
from the nickel crucible in 
which fusion is effected). 
Dissolve in HCl and start 
evaporation. 


I . I 

Residue is SiOj. Filtrate consists of 

Fe Clg, AlClj, MnCla,NiCla,CaCla, 
•* MgClj and HgPO^. Throw down 

Fe and A1 as phosphates and as 
basic acetates and filter. 


Filtrate consists of the salts of Mn, Ca and Residue consists of 
Mg. Add ammonium persulphate and am- FcjOg, AlgOg and 
monium hydroxide. Boil filter. P 3 O 5 . 

I 

Residue is Filtrate consists of salts of Ni, Ca and 

MnOg. Mg. Pass HgS and filter. 


Residue is Filtrate consists of salts of Ca 

NiS. and Mg. Proceed as in Expt. 1 1. 

Procedure : — 

Fuse 0.5 gtn. sample of the ore with NaaO^as in the 
determination of Cr and proceed exactly as shown there- 
under until the residue is separated from the soluble 
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chfonoate, silicate and aluminate and small amounts of 
sodium sulphate and phosphate. Wash the residue 
with water until the filtrate is free from chromate. 
Dissolve the residue Jn dil. HCl (1 : 1 ) and evaporate 
in the dish. When this is evaporating, proceed with 
the filtrate by boiling it after the addition of 1 . 5 - 2.0 
gms. of NH 4 CI. Boil to a faint smell of ammonia and 
filter. Wash until filtrate runs colorless. A check on 
the chromium determination may, if desired, be made 
on the filtrate. Dissolve the residue in 15 ml. of 1 : 1 \ 
HCl and add to the solution that is already evaporating. ' 
Evaporate to dryness and bake at a temperature not 
exceeding 130°C. Cool. Redissolve in 30ml. dil. HCl and 
filter. Wash residue with hot water 5or.6times. Proceed 
with filtrate as in Expt. 21 for throwing down Fe and 
A1 as basic acetates and phosphates. Filter. Wash 3 or 4 
times with water. Determine A1 from the residue by 
dissolving it in HCl and precipitating it as AIPO 4 , after 
the addition of NaiHPO^, NagSBOg and NHgCgHgOg. 
Throw down Ni from the filtrate from the basic acetate 
separation by passing H 2 S. Filter. Wash with HgS 
water containing a little ammonium acetate. Determine 
Ca from the filtrate by adding (NH 4 ) 2 C 204 and finishing 
as in Expt. 11. Evaporate filtrate from CaCgOg to 
dryness in a casserole. Heat to destroy ammonium 
salts. Cool. Dissolve residues in 5 ml. of 1 : 1 HCl and 
dilute to about 15 ml. with water. Throw down Mg as 
MgNHgPOg, let stand for about 12 hrs., filter, wash 
with 1:10 NH 4 OH, dry the precipitate and ignite it in 
a porcelain crucible, gently at first and strongly after- 
wards. Cool. Weigh as MggP,0,. 

Loss on Ignition : — 

Heat 1 gm. of the sample in a platinum crucible 
coveted wjith lid over a blast lamp for ^ hour. ■ Cool in 
a desiccator and wdgh. 
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Notes : — 

(1) The fusion process adopted here is known as 
oxidising fusion. A mixture of Na^COg with a small 
quantity of KNOg may be substituted for NagOg and 
the fusion of the ore with such a mixture effected in 
a platinum crucible. But the use of a nickel crucible 
with NsgOg as the oxidising agent is preferable in as 
much as platinum vessels are not pressed into service 
where they can be dispensed with. 

(2) The heat for fusion must be a dull red heat only ; 
otherwise the life of the nickel crucible is shortened. 

(3) (a) Dilution with water pf the extract of the 
fusion to the specified volume is necessary ; otherwise 
the stongly alkaline solution will attack the filter paper 
during the subsequent filtration. The addition of 2-3 
gms. of ammonium carbonate to the fusion extract will 
obviate the necessity for large dilution. The filtration 
can, in that case, be carried out quicker. 

(b) Acidified solution of sodium or other chromate 
is reduced by HgOg. Therefore the latter should be 
expelled from a chromate solution before it is acidified. 
As it is difficult to expel HgO, completely from alkaline 
solutions containing chromate, as much of it as possible 
is expelled by boiling, the solution then acidified and 
any chromium salt formed from the chromate by the 
action of traces of HgO, oxidised back to the chromate 
by adding KMnO^, the excess of this being destroyed 
by HCl. The latter when present in the dilution 
specified has no reducing action on CrOa even when 
the two are boiled. 

(4) Before proceeding with the determination for 
any of the constituents, it is necessary to ascertain that 
all the ore has been attacked by the fusion. .The only 
means of tiorio^ this is to dissolve the residue on the 
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filter in warm dil. HCl. If it dissolves completely the 
fusion is perfect ; if it does not, the insoluble portion, 
washed free of acid, should be ignited in the same 
nickel crucible and again fused with half the quantity 
of Na202 used at the start. The extract of the second 
fusion must be filtered and added to the one obtained 
from the first fusion. 

(5) The determination of Fe should be carried out 
as described. Interference is caused by the presence m 
nickel taken up from the crucible during the fusion)^ 
when the solution of the residue in HCl is reduced by 
means of SnCl 2 and the reduced solution, after the 
addition of HgCl^Ts titrated with standard KgCrgO, 
solution, using potassium ferricyanide as the external 
indicator. 

(6) If the results of analysis are not required 
urgently, the following alternative method may be 
substituted for the determination of AlgOg : — 

Pass a current of COg from a Kipp’s apparatus 
through the alkaline chromate solution for a period of 
about 12 hours. A1 is precipitated as a basic carbo- 
nate. This is filtered oflF, ignited and weighed as AlgOg. 

(7) In case the ore contains any titanium, this will 
be found as sodium meta titanate in the residue obtain- 
ed by filtering off the solution in water following the 
peroxide fusion attack. This will accompany alumini- 
um through all the steps in the process. An accurate 
detemination of aluminium and titanium may be made 
as in Expt. 67. For the purposes for which the ore is 
used, such refinement in analysis is seldom called for. 

(8) Chrome iron ore is used largely in the manu- 
facture of ferrochrome, chrome bricks and in the 
tanning of leather. For the last use the ore has to be 
converted into sodium or potassium dichrocqate. 
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EXPERIMENT 61. 

Analysis of Bauxite : — 

The material should be ground to pass a 90 mesh 
sieve. It is freed from moisture by heating in an air 
oven at 105 to 110°C. to constant weight. 

Loss on Ignition : — 

Ignite 1 gm. of the moisture-free sample in a platinum 
crucible covered with lid for 1 hour over a blast liimp 
or a muffle furnace. The loss in weight represents the 
loss on ignition. 

Determination of SiOj, FejOgjTiOgjAlaOgand MnO: — 
Outline of Procedure ; — 

The sample of ore is opened otrt by a fusion attack 
with sodium carbonate, the fused mass being extracted 
with sulphuric acid, after it has solidified and cooled to 
room temperature. The solution is evaporated to fumes 
of SOj and redissolved in water and filtered. The 
residue is hydrofluorised. Any residue left from the 
hydrofluorisation treatment is fused with KHSO 4 , 
extracted with HjSO^ and the solution added to the 
main filtrate. From this FegO,, AljOj, TiO,, CaO and 
MgO are determined. 

Silica : — 

Fuse the ignited residue with 10 gms. of ‘fusion 
mixture’ in a platinum crucible over a Teclu burner for 
30 minutes. Extract with 150-200 ml. of HgSO^ ( 1:9 ) 
and evaporate to fumes of SOg. Cool. Add 100-150 
ml. of water, heat for 10 minutes and filter. Receive 
filtrate in a 500 ml. measuring flask, wash residue on 
the paper with dil. HCl ( 1:2 ) and finally with hot 
water. Ignite the residue in a platinum crucible, cool 
and weigh. Treat with water, H 9 SO 4 and HF, Ignite, 
cool and weigh. The loss represents SiO^. 

44 
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Fuse any residue left in the crucible with NaHS04, 
extract with dil. HgSO^ ( ls5 ) and add to the main 
filtrate in the 500 ml. measuring flask. Cool. Make up 
to the mark with dil. H3SO4 ( 1:9 ). Use aliquot parts 
from this for the following determinations: FcgOg, TiO,, 
CaO and MgO. 

FcgOg ’ , 

Pipette off 50 ml. into a 200 ml. beaker and determii»e 
FegOg from this as in Expt. 10. \ 

TiO, 

Pipette off 10 ml. into a colour comparison tube. 
Dilute with 10 ml. of dil. H9SO4 of s.g. 1.04. Add 
2-3 ml. of hydrogen peroxide. Determine colorimetric- 
ally as shown in !^pt. 37. 

AlaOg : — 

Pipette off 100 ml. from the measuring flask into a 
600 ml. beaker. Dilute to 350-400 ml. with water. 
Add ammonia until alkaline. Use a few drops of methyl 
red to indicate the alkalinity. The appearance of a 
yellow colour marks this point. The yellow colour is 
easily observed by allowing the precipitate to settle. 
Boil. Filter off the hydroxides, wash, dry, ignite, cool 
and weigh. This represents the weight of Fe^Oj, AlgOg 
and TiOg. From this subtract the sum of the weights 
of FcgOg and TiOg. The difference yields the weight 
of AlgOg. In obtaining by differenee the weight of 
AlsOg, regard should be had to the weights that the 
aliquot parts for FcgOg and TiOg determinations 
represent. 

MnO :— 

To the filtrate from FejjOg + AlgOg + TiOg, add 
bromine water and then ammonia until alkaline. Boil. 
Filter off MnOg, ignite in a porcelain crucible in a 
muffle furnace to MngOg and weigh. Calculate to MnO. 
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CaO and MgO •* — 

Determine these from the filtrate from MnO in the 
manner shown in Experiment 11, after evaporation to 
dryness, destruction of ammonium salts by heating, and 
solution of residues in 5 ml. of dil HCl ( 1=1 ) 

Alkalies : — 

Determine by the method of Lawrence Smith. 
See Expt. 77. 

Notes : — 

(1) On account of the presence of high percen- 
tages of titania in some samples of bauxite and on 
account of the fact that titanium tetrachloride is appre- 
ciably volatile, evaporation of the fused mass with 
H,S 04 in place of HCl is preferred.^.- Also, the SiO, is 
more easily filtered off in this case than when using HCl. 

(2) When a high degree of accuracy is desired, 
iron may be separated as FeS by the method of Gooch 
by precipitating it as FeS in ammonium sulphide-tartrate 
solution, filtering it off, igniting to oxide, dissolving in 
HCl, and completing the determination as in Expt. 10. 

(3) In case large amounts of titanium are present, 
it may be precipitated from the filtrate obtained by filte- 
ring off FeS (which has been thrown down according 
to the method of Gooch) by means of the cupferron 
reagent. See Expt. 37-A. The preapitate is filtered off, 
washed with 2iV-HCl followed by water, ignited slowly 
and then strongly and then weighed as Ti 02 . 

The filtrate from the cupferron precipitation of tita- 
nium may be used for a direct determination of alumi- 
nium ip the manner shown in Expt. 56, Notes, para 5. 
The only objection to the use of cupferron in the rou- 
tine analysis of bauxite is that it is costly and sufficien- 
tly accurate results for commercial purposes can be 
obtained by, calculating the % of aluminium from ^ -the 
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weight of the mixed oxides consisting of FejOg, TiOg 
and AljOg, which oxides are thrown down by, the ordi- 
nary reagent NH^OH. 

(5) A more accurate procedure for CaO and MgO 
consists in throwing them down as oxides by means of 
NaOH. Fe and Ti are coprecipitated, A1 remains in 
solution as NaAlO*. The precipitate is dissolved in, 
HCl, Fe and Ti precipitated by NH^OH, the precipi-[ 
tate filtered off and CaO and MgO determined from the'^ 
filtrate as in Expt. 11. The procedure is as follo.ws : — 

1 gm. sample of moisture-free bauxite is fused with 
10 gms. of fusion mixture and the melt treated as 
shown under ‘Silica’ determination above until a silica- 
free filtrate is obtained. The free acid is neutralised, 
the solution is poured into 150 ml. of NaOH solution 
(10^) containing one gm. of NagCOg and kept simme-* 
ring by heating on a steam-bath for half an hour. This 
is then filtered and the precipitate washed with 1% 
NagCOg solution. The residue is dissolved in 25 ml. 
ol 1:1 HCl and precipitated by the addition of 
NHgOH until the methyl red indicator shows a yellow 
colour. The precipitate of Fe(OH)g may cause some 
difficulty in catching the point at which the liquid is 
yellow. If the precipitate is allowed to settle and then 
the colour looked for, there will be no difficulty. 
Filter off the precipitate, dissolve it in HCl and repeat 
the precipitation with NHgOH using methyl red 
indicator to indicate the point at which the medium is 
just ammoniacal. Combine the filtrates from the two 
precipitations and proceed for the determination of 
CaO and MgO, See Expt. 11. 

( 9 ) Instead of a fusion attack, the material may 
be opened out with a mixture of sulphuric, nitric and 
hydrofiuojic acids. The only drawback to this method 
is that a silica determination is not possible.. But where 
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it is the cofnmefcial valuation of the ore, quick results 
for FejOg, TiOj and AljOg can be obtained by the acid 
attack. 

EXPERIMENT 62 A. 

Complete Analysis of Zinc Blende. 

Determination of ‘Insoluble’, Pb, Cu, Cd, Fe, Mn., 
Zn, S and CO^ 

Insoluble Matter : — 

Weigh 1 to 1.5 gms. sample in a 200 ml. tall 
form beaker. Add 5 ml. of water and 20 ml. of 
cone, hydrochloric acid. Warm on the hot plate or on 
a sand bath and add in small quantities at a time 5 ml. 
of cone, nitric acid. When the ore is in solution except 
for the insoluble matter, add 10 ml. more of dil. HCl 
s. g. IT and boil for 5 minutes. Filter the hot solution 
through a 7 cm. filter-paper and wash the residue on 
the paper with boiling hot hydrochloric acid of s. g. 
1.1. This wash will dissolve any lead sulphate which 
is on the paper. Wash next with water. Ignite and 
weigh. Calculate ‘Insoluble’. 

Lead : — 

Evaporate the filtrate to about 10 ml. Cool, add 
3 ml. of cone, sulphuric acid and evaporate on a 
sand-bath until dense fumes of sulphur tri-oxide are 
evolved. Cool. Dilute with water to about 100 ml. 
Filter through a Gooch crucible. Wash with normal 
sulphuric acid and then with alcohol. Ignite the ppte. 
by placing the Gooch crucible inside an ordinary 
crucible. Cool ^d weigh. See Expt. 62 C. Alcohol 
washings are to be rejected. 

Copper : — 

Evaporate the filtrate and washings from the lead 
sulphate until fumes of sulphuric acid are evolved. Cool. 
Add 20 ml., water and 20 ml. cone. HCI. Heat to 



boiling. Pass a curient of H,S until the solution is 
cold. Filter. Wash with a mixture of equal volumes 
of cone. HCl and saturated hydrogen sulphide solution. 
Reserve filtrate for cadmium determination. 

Dissolve the ppte., if small, in cone. HNO,. If it 
is bulky, ignite to oxide and then dissolve in cone. 
HNOj. Add ammonia, boil, and then add acetic acid. 
Cool. Add KI (2-3 gms). Titrate the iodine liberated with! 
standard sodium thiosulphate solution. See Expt. 59. ^ 

Cadmium ; — 

Evaporate the filtrate from CuS to fuming. Cool. 
Add 5 ml. cone. HCl and transfer the solution to a 
conical flask, using HaS soln. to rinse the basin. Then 
add slowly and with constant stirring HjS solution 
until the volume is increased to about 150 ml. Satu- 
rate the solution with HaS. Filter. Wash with 5% NH, 
NOj soln. Dissolve the ppte. in the minimum amount 
of cone. HCl, wash the filter with hot dil. acid and 
transfer the filtrate and washings to a large size porce- 
lain crucible. Add 0.5 ml. cone. HjSO^ and evaporate 
to fumes. Heat inside a larger crucible to expel the 
fumes of SOg. Temperature should not exceed 600°C. 
Weigh as CdSOg. 

Iron : — 

Evaporate the filtrate from the cadmium sulphide to 
about 50 ml. Transfer to a beaker, add 1 ml. of cone. 
HNOg, boil to oxidise ferrous to ferric salt and dilute 
to 100 ml. Add ammonium chloride ( 2 gms ) and 
excess of ammonia. Boil. Filter. Call the filtrate F. 
Redissolve the ppte. in dil. HQ and reprecipitate by 
NHgOH. Filter, adding the filtrate to filtrate F. Wash 
the ppte. with water. Ignite and weigh as Fcfi,. 
Manganese : — 

Evaporate the combined filtrate F after the addition 
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of 2-3 ml. cone. HjSO* to fumes. Dilute to 200 ml. 
with water. Add 2 gms. of ammonium persulphate 
dissolved in 50 ml. of water and raise to a boil. Neu- 
tralise with ammonia until faintly ammoniacal. Boil 
for two minutes and filter through a filter paper of 7 
cm. dia. Ignite at a temp, of 800-950®C. in a muffle 
furnace. Cool and weigh as Mn804. 

Zinc : — 

Malie up the filtrate to 500 ml. in a graduated flask. 
Mix thoroughly. Determine the zinc on an aliquot 
part of the filtrate as zinc ammonium phosphate. See 
Expt. 41. Filter. Ignite and weigh as zinc pyrophos- 
phate or determine volumetrically using standard 
potassium ferrocyanide soln. for titration and uranyl 
acetate as external indicator. See Expt, 41, p. 219. 
Alternatively 0.1 gm diphenylamine dissolved in 10 ml. 
of cone. HjSO^ may be used as internal indicator, A 
few drops of the indicator soln. will do. Change 
from purple violet to pea-green marks the end. 

Solution Required : — 

Dissolve 28 gms. of K4Fe(CN)e, 3H2O in about 900 
ml. water. Add 0.3 gm K8Fe(CN)8 and make up to one 
litre. This solution is approximately fifth normal. 

Standard Zinc Sulphate Solution : — 

Dissolve 7.189 gms of ZnS04,7H20 in water and 
make up to 250 ml. in a measuring flask. 

Standardization of the Pot. Ferrocyanide 
Solution : — 

Pipette off 25 ml. of the zinc sulphate soln. into a 
400 ml. beaker. Add 20 ml. 4N — H,S04, 5 — 10 gms 
of (NH4),S04 and 50 ml. of water. Add 3 drops only 
of the indicator and run in the ferrocyanide from a 
burette. ‘The blue-violet colout changes on stwding. 
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EXPERIMENT 62 B. 

Determination of Tin in Tin Ore : 

The chief ore of tin is cassiterite. It has the 
formula SnOa. This is insoluble in all acids. 

Principle : — 

The finely powdered ore ( -100-mesh ) on fusioP 
with sodium peroxide yields sodium stannate. This is 
dissolved in HCl and the stannic chloride obtained is 
reduced with iron or nickel to stannous chloride.' 
The reduced solution is oxidized to stannic chloride 
with standard iodine solution, starch being used as 
indicator. The volume of the iodine solution used is 
a measure of the amount of tin in the ore. The main 
reaction on fusion is as follows : — 

2Sn02-b2Na20a 2Na2Sn03H-02 

The solutions required and the method of standardi- 
sation are shown at the end of this exercise. 

Procedure : — 

Place about 2 to 3 gms. of sodium peroxide in a 
nickel crucible. The peroxide should be removed by a 
dry nickel spatula from the reagent bottle. It should 
not be weighed on bits of paper. Weigh on a watch- 
glass. The reagent is very corrosive. Wash spatula 
with water. Do not wipe with duster after letting it 
stand in the air for some time after the removal of the 
peroxide from the Reagent bottle. Weigh 0.5 gm. 
sample of the tin ore into the crucible. Cover the ore 
with about 1 gm. more of the peroxide. Heat gently 
over a Bunsen burner and ‘then strongly until the 
fusion is quiescent. The fusion is better effected by 
giving the crucible a rotatory motion all the time 
( about 10—15 minutes ) the operation is in progress. 
Seize the hot crucible by means of a pair of steel tongs 
and slightly rotate the crucible so that the melt adheres 
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all round its side. Place about 200 ml. of hot water in a 
400 ml. beaker and cautiously introduce the cold nickel 
crucible with its contents into it. Plunging it into the 
water all at once causes a brisk eflFervescence which 
may overflow the beaker. Wash the crucible with hot 
water, rub with a policeman and transfer residue and 
liquid in the crucible to the beaker. A few drops of 
dilute HCl may be added to the crucible to remove any 
residue not removed by water. Transfer the solution in 
the beaker to a 600 ml. flask. The volume of the 
liquid, only water being used to rinse the beaker, must 
be about 300 ml. Add 100 ml. cone. HCl to the 
flask. Fit the flask with a Bunsen valve. See Fig. 9. 
Introduce sheet nickel strips having an area of about 
100 sq. cms., bent at the corners, into the flask and a 
small piece of calcite. Set up as shown in Fig. 9 with 
the Bunsen valve and heat for IJ to 2 hours on the 
hot plate or over a Bunsen burner gently. At the end 
of this time, the reduction is complete. The flask is 
cooled, the contents diluted with 100 ml. water and 
then titrated with standard iodine solution and starch, 
prepared as described below, until a blue colour is 
obtained. 

An iron crucible may be used in place of a nickel 
crucible for carrying out the fusion of the ore. 

2-3 gms. of mild steel drillings may be substituted 
for nickel strips. The excess need not be removed 
before titration. 

Granulated lead may with advantage be substituted 
for nickel, as the end point in the titration process can 
be more easily seen. 

If, in a determination, 20.0 ml. of iodine solution, 
1 ml. of which= 0.005 g<n. Sn, are required, the 
percaitage of tin in the ore is 20, starting with 0.5 gna. 
of the ore. * ’ 

45 
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Preparation of Standard Iodine Solution 

The reaction that takes place when iodine solu- 
tion is run into stannous chloride is reperesented as 
follows: — 

SnCl2+l3+2HCl — > Sna,+2HI 
1 gm.-atom of iodine in 1 litre of water yields a normal 
solution. The use of a solution 1 ml. of which corres- 
ponds to 0.005 gm. tin is convenient inasmuch \as 
the calculations are thereby rendered easy. 1 1 gms. ^f 
iodine are dissolved in a strong solution of 22 gms. 
KI in water and the solution then diluted to 1 litre. 
The iodine solution is standardised against pure AS2O3. 
The reaction that takes place when iodine acts on 
AS2O3 is represented by the following equation : — 

As20a'4‘2Ig ^ AsaOfi~h4HI 

The conditions necessary to effect the change 
indicated by the upper arrow quantitatively "are that 
AS2O3 must be in solution and that there should be in 
the solution an excess of bicarbonate of sodium to 
remove the hydriodic acid formed. 

Preparation of AsgOs solution and Procedure 
for Stanardisation : — 

Weigh 0.3000 gm. of AS2O3 exactly in a 100 
ml. beaker. Add 5 to 8 ml. of a 10% solution of 
sodium hydroxide in water and heat gently to effect 
solution. When dissolved, make faintly acid with 
hydrochloric acid, testing by dropping a piece of 
litmus paper. Transfer to a 400 ml. beaker. Dilute 
with cold water to about 200 ml. Add an excess 
of solid sodium bicarbonate. The excess is indicated 
by the cessation of effervescence and by some solid 
remaining undissolved at* the bottom of the beaker 
Add 3 ml. of starch indicator prepared as in Expt. 19. 
Next tun the iodine solution from a burette into the 
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solution of arsenite until a blue colour is obtained. 
Calculate the normality of the iodine solution and 
hence its value per ml. in terms of tin. See Example 
towards the end of this exercise. The standardisation 
may also be effected with pure tin which is dissolved 
in cone. HCl. The solution obtained is reduced by 
means of nickel exactly as in the assay of the ore and 
the titration with’iodine carried out. This method is 
rather slow. Hence, preference to the method first 
described. 

Notes on the assay : — 

(1) The presence of arsenic, titanium and tungsten 
in the ore interferes with the assay. The first of these 
elements is changed to arsenate by fusion with NagOg . 
In the presence of HCl and Ni, it is reduced to HgA.sOj. 
This, on treatment with iodine solution passes to the 
condition of Hg ASO 4 . Thus, the value returned for tin 
will be high. But this oxidation by iodine can be and is 
prevented by the addition of a very liberal amount of 
HCl at the very outset of the reduction by nickel. In 
the presence of a strong acid medium, the oxidation of 
arsenious acid to arsenic acid does not take place. 

(2) For a qualitative test for Ti, see Experiment 
56. Titanium gives rise to TiClg and TiCl,. The 
former is obtained on the addition of acid to the 
alkaline fusion. Ni reduces TiClg to TiClg. The solu- 
tion of iodine oxidises TiCl, to TiClg ; but this oxidation 
is not quantitative ; hence the determination of Ti and 
allowance for it is not possible. Recourse must, 
therefore, be had to fusion with potassium bisulphate in 
a platinum crucible. The tin oxide is unaffected by this 
fusion; but all the titanium and the tungsten in the ore 
are changed to Ti (SO,), and WOg. The fused mass is 
digested with 20-30 ml. warm dil. sulphuric acid 
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(1 ; 5), filtered and washed first with water and then 
with ammonium carbonate solution. (NH 4 )gCOB wash 
removes any tungstic acid that may be present with 
the residue. If the percentage of tungsten in the ore 
is required, proceed, by acidifying the filtrate with 
hydrochloric acid and adding cinchonine hydrochloride. 
See Expt. 31, p. 168. The residue on the filter pap^ 
consists of SnO» and impurities like SiO*, CaSO^ ett 
which do not interfere with the determination of . 
using standard iodine solution. It is ignited in a nickcJ| 
crucible and the fusion with NajO, is then adopted. 

(3) The presence of tungsten is revealed by a blue 
precipitate appearing after reduction with nickel, when 
the peroxide fusion is adopted. This is filtered o£F, 
the filtrate again reduced with nickel and the titration 
completed as described. Perform the following test 
for the presence of tungsten in a tin ore : — Fuse about 
0.1 gm. ore with 1 gm. NajOg in a silver crucible. 
Extract with water. Add to a part of the solution 
3-5 ml. conc.HCl and a few bits of metallic tin. A blue 
colour appearing after 2-3 minutes reveals the presence 
of tungsten. The use of a silver crucible in preference 
to a nickel crucible is to avoid the colour resulting 
from the solution of nickel in HCl. The green colour 
of nickel salts tends to mask the blue of WgOg. 

(4) The effect of atmospheric oxidation on the 
solution of SnClg is considerable. Hence arises the 
necessity for carrying out the reduction by theans of 
nickel out of contact with air. The titration too 
should be carried out in an atmosphere of COg at a 
temp, of 70‘’F. or below and after diluting with 
water. This may be achieved by the introduction of 
a small piece of pure calcite ( Iceland spar ) into the 
solution .ready for titration. Carry out the titration 
after all the calcite has dissolved. Alternatively a 
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cutfent of COj may be passed into the flask ducing 
the titration. It is difficult to catch the blue colour 
of iodide of starch, if the liquid is not largely diluted. 
The water used must be recently boiled and cooled. 
Only such water will be free from dissolved oxygen 
and will not have an oxidising action on the stannous 
chloride. 

Dry Assay : — The method described above is 
known as the ‘Wet Assay’ of tin. Where elaborate 
equipment is not available, recourse may be had to 
the dry assay of tin which gives results of fair accuracy. 
The dry assay is performed as follows : — 

Crush the ore to pass an 80-mesh sieve, and weigh 
out the following charge into a fire-clay crucible, 
( size D or E ). 

Ore 10 gms 

Potassium cyanide 40 gms 

Common commercial cyanide containing 50% car- 
bonate is most suitable. Place part of the cyanide at 
the bottom of the fireclay crucible. Mix the remainder 
with the ore on a glazed paper and then transfer to 
the crucible. Heat it in a wind-furnace until the 
charge is thoroughly fused and then raise the tem- 
perature to 1000°C. for a few minutes and pour the 
melt into an iron mould. The reduction takes about 
20 minutes. When the slag is completely solidified 
and cold, detach by hammering it off", clean and weigh 
the tin button. Compare with the wet assay results. 

Note : — 

Potassium cyanide is a deadly poison. It 
decomposes in moist weather forming hydrocyanic 
acid. This acid is volatile. The acid when inhaled 
will have a fatal effect. Therefore the, operation 
of weighing, mixing, etc. of the charge for fusion 
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should be conducted in well ventilated rooms. The 
instructions re : treatment for cyanide poisoning are 
given below,: — 

Antidote for cyanide poisoning 
(Matrin’s Antidote) 

( Dr. Martin was appointed in 1902 by the Austra- 
lain Govt, to report on antidotes for poisoning. His 
antidote has been universally acknowledged to be 
the safest and most reliable corrective ). 

The ingredients for one treatment are provided in 
the following form : — 

A. A hermetically sealed glass tube containing 1 \ 
gms. FeS 04 and 30 ml. water. 

B. A hermetically sealed glass tube containing \\ 
gms. NaOH in 30 m! i water. 

C. A tube containing 2 gms powdered magnesia. 
A and B are broken into an enamelled iron mug, C 
being added then and the whole well stirred. The 
mixture is then drunk, the strainer mouthpiece of the 
mug prevents broken glass being swallowed. In case 
the patient cannot drink, a mouth gag and stomach 
tube are inserted and the antidote poured down. 

An injection of adrenaline delays the fatal elBFect 
of the poison and gives time for the preparation of 
the antidote. 

Example : — 

0.3000 gm. of AsgOg consumed 65.0 ml. I-solution. 
197.92 

— ^ — gms. of AsjOj in 1 litre yield iV-soln. 

0.3 gm. of AsjOa in 1 litre yields N-soln.‘ 

197.9 

1 litre of As,0, solution of - JV-strength is 
equivalent to 65.0 ml. of I solution. 
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Therefore, strength of the I-soln.-i^Ji^®.^^ JV=0.0933N 

197.9x65 

1 litre isr-lodine soln. = gms. Sn. 


1 ml. of 0.0933 N soln. =0.00554 gm. Sn. 

Weight of ore taken =0.5100 gm. 

Number of ml. of the standard I soln. used up=66.0 
Amount of tin in the weight of ore takem=66x0.0054 gm. 


100 gms. ore contain 


66x0.00554x100 

0.51 


gm. Sn. 


Percentage of Sn in the ore 71.7 
Note : — 


The sample of ore analysed is a hand picked speci- 
men from Tavoy, Burma, and contains tungsten. 


EXPERIMENT 62.C 


Determination of Tin in an ore (Alternative 
Method). Absence of Titanium and Tungsten 

Principle : — 

When to a solution of sodium stannate acidified 
strongly with HCl, iron filings are added and the solu- 
tion heated to about 60®C., any As, Sb, Cu present is 
deposited as metal and the stannic chloride is reduced 
to the stannous condition. The deposit is filtered off, 
and the filtrate treated with pure zinc. Tin is deposited 
on the pieces of zinc. These are filtered off and 
dissolved in hot HCl in a flask through which CO^ is 
being passed. When all the metal is in solution, it is 
cooled to the laboratory temperature, CO, current being 
maintained all the time. The cold solution is then 
titrated with standard iodine solution, using starch 
as indicator. 

Procedure : — 


Proceed as described in Expeiment 26B until HQ 
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solution of the fusion is obtained. Add 4 gm^ of 
iron filings and heat to about 60 °C. After about half 
an hour, filter through a 10 cm. filter paper, catching 
the filtrate in a 500 ml. Erlenmeyer flask. Add 10 gms. 
of pure zinc to the contents of the flask and heat to 
about 90°-95®C. for 10 minutes. Withdraw a few drops 
from the flask, place them on the spotting plate, and 
treat with a few drops of H^S water. A black colora- 
tion shows that all the tin has not been deposited. 
Continue heating until the test shows no tin tO be in 
solution. Filter off the deposit of tin through glass 
wool. Transfer to an Erlenmeyer flask the deposit of 
tin with the glass wool and treat with 30 ml. cone. 
HCl. Pass COj from a Kipp generator and warm the 
flask to hasten solution. When dissolved, cool the 
flask to room temperature, maintaining COj current 
all the time. Dilute to about 250 ml. with recently 
boiled and cooled distilled water and titrate with 
standard iodine solution. 


Example : — 

Weight of ore =0.2023 gms. 

Volume of I-soln. used to oxidise SnCl2=14.4 ml. 
Weight of AsaOg taken to standardise the iodine 

solution=0.2 gm. 

Number of ml. of iodine soln. used up. =67.2 „ 
Hence, the strength of the iodine soln. =0.0902 N 


1 ml. of 0.0902 I soln. =0.005365 N gm. Sn. 
14.4 „ „ ,, =14.4x0.005365 gm,,Sn. 


0.2023 gm. ore contains „ 
100 X 14.4 X. 005365 


gm. Sn. 


100 gms 


0.2023 


gm. Sn. 


i. e. .31.19% Sn. 
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EXPERIMENT 62D. 

Determination of Pb in A Sulphide Ore. 
Srinciple : — 

The ore is brought into solution in a mixture of 
HQ and HNO, and the solution heated to fuming with 
H3SO4. The precipitated PbS04 is impure and may 
contain BaSO^ and SiO,. It is purified by treatment 
with ammonium acetate. Only the sulphate of lead is 
dissolved. ■ BaSO^ and SiO^ remain unaffected. These 
are filtered off and from the filtrate lead is thrown down 
as PbSO^ by HgSO^. The precipitate is collected on 
asbestos filter in a Gooch crucible, ignited and weighed. 
From the weight of PbSO^, the percentage of Pb is 
calculated. 

Solutions required : — 

1. Dilute H2SO4. Into 180 ml. water in a beaker, 
pour 20 ml. cone. H2SO4. 

2. A saturated solution of ammonium acetate. 
Procedure : — 

Weigh 0.5 gm. sample of ore into a 200 ml. Jena 
flask. Add 10 ml. cone. HQ. Heat gently for 10 minu- 
tes. Add 5 ml. cone. HNO3. Heat until nitrous fumes 
are expelled. Add 5 ml. more cone. HQ, boil for 
five minutes. Dilute to 50 ml., introduce 5 ml. cone. 
H3SO4, a little at a time. Heat until dense white fumes 
are evolved. Cool. Add 30 ml. of water. Boil. Let 
stand. Filter and wash the precipitate by decantation 
with solution No. 1 until the filtrate is free from iron 
(Test with KCNS solution). 

Add 3 gms solid ammonium acetate to the flask 
containing the precipitate. Pour 10 ml. of solution 
No. 2 through the filter paper to dissolve any sulphate 
that may remain there and collect th^ solution in tht 
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, s^e flask, ^eat to dissolve the lead sulphate. Any 
residue undissolved on boiling will be BaSO^ ot SiOs 
or both. Filter this off through the same filter paper on 
which the residues were collected. Wash w;ith water 
until a drop of the filtrate gives no yellow precipitate 
with a solution of potassium chromate. 

To the filtrate add 5-10 ml. cone. HgSO^, and 
evaporate down to dense fumes with constant agitation 
to prevent bumping. Cool. Add 30 ml. water cool. Add 
10 ml. of absolute alcohol. Shake well, let stand, filter 
through a Gooch crucible. Wash first with solution 
No. 1 and finally with alcohol. Ignite at about 500- 
600°C. in a muffle. In the absence of a muffle or even in 
its presence, where only one or two ignitions, are to be 
conducted, the following procedure is adopted ; — 

Cut a hole in an asbestos board of a diameter suffici- 
ent for the introduction of the Gooch crucible. The 
board with the crucible rests on a second porcelain 
crucible which latter is .heated over a burner. This 
device avoids contact with reducing gases from the 
flame which will tend to reduce PbSO^ to !l^bS. 

Notes : — 

(1) See Expt. 78A-1 for the preparation of tlie 
Gooch crucible. 

(2) Lead sulphate is less soluble in alcohol than in 
water. Hence the use of alcohol for final washing. The 
solubility of lead sulphate in water at 40°C. is 0.0056 
gm. The volume of liquid from which lead sulphate 
is thrown down should be guided by this figure. 

(3) Very strong heating decomposes PbSO^. The 
decomposition begins at 637°C. 

(4) ^ The ordinary method of filtering through a 
filter paper, ignidng the sulphate, redissplving any tc- 
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duced sulphide in HNO, followed Ijy sulphuric acift^tb 
convert the nitrate into PbSO^,. does not yield very 
aleurite results on Account of mechanical losses in the 
process. Moreover, it is lengthy. 

(5) The reactions taking place ate as follows : — 

PbS + 2HNO3 — > Pb (NOs), + HjS 

3HjS + 2HN08 — » 4HaO+3S+2NO 

•Pb(N08)3+H,S0, PbS0,+2HN08 

S+2H,SO, — ^ 2H2O+3SO2 

PbS04+2NH4 C2H3O2 ^Pb (C2H302)2+(NH4)2S04 

EXPERIMENT 62E. 

Determination of Pb in Lead ore by Titration 
with Ammonium Molybdate Solution 

Principle : — 

When ammonium molybdate solution is added from 
a burette to a boiling hot solution of lead acetate con- 
taining acetic acid, lead molybdate is precipitated. The 
Completion of the precipitation is indicated by adding 
a drop^of the titration mixture to a spotting plate 
containing a drop of tannin solution. The formation of 
a brown colour shows that the following reaction is 
at an end: — 

(NHJgMoO.-t-PbCQHsOa)^— ^PbMoO* 4- 2NH^ CaHgOg 
Solutions Required : — 

1. Standard ammonium molybdate solution : — 
Dissolve 5.7315 gms. (NH|)aMo04 in a litre of water. 
1 ml. of this solution=0.0005 gm. Pb. 

2. T annin Q^HigOg. Dissolve 0.5 gm. in 100 ml. 
■vlrater. 

3. Dil. H2SO4. The same as in Expt. 62D. 

4. Ammonium acetate solution. The same as 
inExpt.62D;i 
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Procedure : — 

Proceed exactly as -in Expt.62D uutil the lead sulphate 
is purified by treatment with NH 4 CaH,Og and is changed 
to lead acetate. Add 5-10 ml. glacial acetic acid. Heat 
to boiling. Run the molybdate solution from a burette 
in 2 or 5 ml. portions. Test between additions. When 
a brown colour appears on the spotting plate, the end- 
point is reached. 

Standardization of Ammonium Molybdate : — 

As the composition of ammonium molybdate is not 
very well defined, the solution must be standardized 
against pure lead foil, or pure lead sulphate. In the 
former case, proceed as follows ; — 

Dissolve 0.2000 gm. of the foil in 10 ml. of 1.1 s.g. 
HNOg. Boil to expel nitrous fumes. Dilute to 50 ml. 
with water. Add 5 ml, cone. HgSOg. Heat to fumes. 
Cool. Add cautiously 20 ml. of solution No. 3 and 
10 ml. ethyl alcohol (90%) Filter. Wash with 100 ml. 
of the same alcohol. Dissolve the precipitate in cone, 
ammonium acetate solution. Add 5ml. glacial acetic 
acid. Heat to boiling. Run the molybdate solution 
until a drop of the titration mixture gives a brown 
colour with the indicator on the spotting plate. 

Notes : — 

It is not advisable to neutralise the excess of HjSOg 
present along with PbSOg by means of ammonia, then 
dissolve in NH^CgHgOg and acetic acid and follow it up 
by titration with molybdate. The presence of large 
quantities of ammonium salts interferes with the accur- 
acy of results. 

EXPERIMENT 63. 

Analysis of a sample of Cobalt ore. 

A cjualitative examination of the ore revealed the 
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presence of the following: — As, Fe, Al, Ni, CaO MgO, 
S, COa and SiOa. 

Outline of Ptocedure : — The sample is dissolved in 
nittic acid, evaporated nearly to dryness, redissolved in 
HQ and filtered. The residue is ‘Insoluble Matter*. The 
filtrate is boiled with sulphurous add, excess of sulphur 
di oxide expelled by boiling and the arsenic thrown 
down as AS 2 S 3 by passing HqS. The predpitate is 
filtered off, boiled with water and the resulting 
solution of arsenious acid titrated against a sitandard 
solution of iodine in the presence of a liberal amount 
of sodium bicarbonate. The filtrate from AS 2 S 3 is 
freed from H 2 S by boiling, the reduced iron oxidised 
to the ferric state and the separation of iron and 
aluminium as basic acetates effected as in Expt. 21. 
Ni and Co are thrown down as sulphides from the 
filtrate from the basic acetates. The sulphides are filtered 
off, ignited to oxides and then dissolved in HCl. The 
solution is made up to a definite volume. From an 
aliquot part of the solution nickel is determined as in 
Expt. 28, using the dimethyl glyoxime reagent. From 
a second aliquot part of the solution, cobalt is determ- 
ined as in Expt. 30, using the ^ 7 -nitroso ^ naphthol 
reagent. CaO and MgO are determined from the filtrate 
from NiS and CoS, as in limestone, Expt. 11. Sulphur 
is determined by fusion of the sample with Na 202 and 
NajCOs in a nickel crucible followed by solution of 
the cold melt in water, filtration, evaporation of the 
filtrate with HCl to dryness, re-solution in dil. HCl, 
filtration to remove silica and precipitation of the H,SO^ 
by BaCl 2 . The ppte. of BaS 04 is filtered off, ignited 
and ’weighed. From the weight of BaSO^ sulphur is 
calculated. Ignition of ari exactly weighed quantity of 
the ore gives the ‘Loss on Ignition.’ 

Procetiure : '-Weigh a 1 gm sample *of the o|:e 
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( tljrough 100 mesh ) into a 200 ml. capacity beaker. 
Add 5 ml. of cone. HNOg. Cover with a cover glass, 
heat over a mush-room top burner until most of the 
liquid is evaporated oiF. Cool somewhat, add 25 ml. of 
water and 5 ml. of cone. HCL Boil for 2 to 3 minutes, 
filter off the residue on a 7 cm. filter-paper, collecting 
the filtrate in a 400 ml. beaker. Wash the residue on 
the paper with 1 : 4 HCl and then with water until free 
from HCl. Dilute the filtrate to about 100 ml. with 
water, add 20 ml. of cone. HCl, and 1-2 gms. of Nag 
SOg, boil down to about 75 ml., dilute to 200 ml. with 
water and repeat boiling until the vapours are free from 
SOg. Test with a strip of filter-paper moistened with 
KjCrgOy solution. Pass a current of HgS through the 
solution for 20-30 minutes. Filter, wash the residue 
with HgS water and collect the filtrate in a 600 ml. 
beaker. When the wash liquid is free from Fe, transfer 
paper with the residue to a 750 ml. beaker and add 
about 600-700 ml. of water. Boil until the volume is 
reduced to about 300 ml. This operation leads to the 
hydrolysis of AsgSg, the product formed being As (OH) 3 .’ 
Cool to room temp., add 5 to 8 gms. of NaHCOg and 
add 0.1 iV-Iodine solution using starch as indicator 
until a blue colour is obtained. 

Boil off HgS from the filtrate from AsgSg, add 2 ml. 
of cone. HNOg, boil; cool, add a solution of (NHg)gC 03 , 
from a dropping bottle until a ppte., which slowly 
dissolves on stirring, appears. Dilute to 500 ml. with 
water. Heat to 90®C., add 5 mi. of a saturated solution 
of ammonium acetate, boil for a minute or two and 
filter. Receive the filtrate in a 1000 ml. beaker. Pass 
HgS through the filtrate until precipitation of Ni and 
Co is complete. Filter, wash the residue with HgS water 
containing 1-2 gms of ammonium .acetate per 100 ml. 
of solution until free from Ca and Mg salts. Ignite the 
residue in a porcelain crucible so as to convert the 



367 


sulphides, to oxides, cool, dissolve the oxides in 5 ml. 
of cone. HCl in the crucible, applying gentle heat. 
Transfer solution to a 100 ml. graduated flask, rinse 
the crucible 3 or 4 times with water and add the rins- 
ings to the flask. Make up to the mark. Mix well, pipette 
oflF 20 ml. of the solution to a 250 ml. beaker, add 100 
ml of water, heat to 50”C, add 10 ml. of a 1 % alcoholic 
solution of the dimethylglyoxime reagent, add 6 N- 
ammonia solution until alkaline to litmus paper, let 
stand 'overnight, . filter through a Gooch crucible and 
finish as in Expt. 28. Pipette off a second aliquot part 
(20 ml..) to a 400 ml. beaker. Convert the chlorides of 
Ni and Co into sulphates by heating to fumes with 2-5 
ml. of cone. HJSO4. Cool. Dissolve the sulphates in 50 
ml, of water. Add 1—2 gms. of ammonium persulphate to 
convert the cobaltous into the cobaltic state. Boil for 5- 10 
minutes, dilute to 100 ml. with water and add a freshly 
prepared solution of the « nitroso p naphthol reagent in 
excess, add 5 ml. of cone. HCl, heat to about 50®C., let 
stand, filter, ignite, cool and weigh (see Expt. 30.) The 
composition of the ignited residue is not very definite. 
When quantities of cobalt amounting to mote than 
5 mgms, are present, dissolve the same in 5 ml. of cone. 
H9SO4, fume, transfer solution to a 100 ml. beaker, add 
ammonia until strongly ammonical ( 30-40 ml. of 0*96 
s. g. ammonia per 100 ml. of solution ) and deposit Co 
on a platinum cathode using a current density of 
0*2 to 0’3 ampere per 100 sq. cms. of cathode surface. 
The electrolysis will be complete in 1-2 hrs. Get the 
weight of the cobalt deposit exactly as in the case of 
the determination of nickel by electrolysis. 

Ignite the residues from the basic acetate separation 
and obtain FegOg and AlgO, as in Expt. 56., 

Dete^tnine the percentages of ,CaOand MgO from 
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the filtrate from the sulphides of nickel and cobalt, as 
in Expt. 11. 

Determine sulphur by fusion of 0'2 gm. sample of 
the ore in a nickel crucible with a mixture of 3 gms of 
Na,Oa and 1 gm. of NagCOa, extraction of the cold melt 
with water, filtration, evaporation of filtrate to dryness 
with HCl followed by re-solution of the evaporated 
residues in dil. HCl, filtration of the silica and determi- 
nation of S from the filtrate by throwing the sulphuric 
acid down as BaS04 and finishing in the usual manner. 
Notes : — 

1. Evaporation of the ore with HCl is not to be 
adopted as arsenic will be lost. Even boiling of the ore 
with HCl is not permissible as a mixture of HCl and 
AsClg volatilises completely at about 107®C., though 
the boiling point of pure AsCls is 132'*C. 

2. The usual qualitative method of separation of 
iron and aluminiinn as hydroxides by ammonia is not 
available as appreciable amounts of nickel and cobalt salts 
are occluded by the hydroxides of iron and aluminium. 

3. The dimethylglyoxime reagent should be added 
in excess. Though this reagent does not precipitate 
cobalt, it reacts with it forming a soluble compound. 
Hence enough of it should be present to react with 
both nickel and cobalt. 

4. «-nitroso p naphthol gradually decomposes on 
standing. The change is made evident by the reagent 
which, in the fresh condition, is yellow, assuming a 
brown or black colour. It may be purified by dissol- 
ving 1 gm. of the reagent in 25 ml. of a 4% NagCOa 
solution, filtering off the portion insoluble, addin'g to 
filtrate dil. H2SO4 (1:3) until the medium is acid. 
The ppte. that appears is the pure reagent. It is 
filtered off,, washed with water and dried between 
pieces of filter paper. . 
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EXPERIMENT 64. 

Analysis of Beryl. 

Principle : — 

When the finely powdered mineral is sintered with 
sodium silicofluoride, the fluorides of Be, Al, and Fe, 
are formed and SiOg is volatilised as SiF^. The sintered 
mass is extracted with water and filtered. The resi- ' 
due on the filter paper consists of AIF, and FeFa 
and the filtrate consists of BeFa 5 Na 2 BeF^, and Na»SiFg, 
small amoTints of AIF, contaminating the beryllium 
fluoride. This is treated in a platinum dish with HaSOi 
when the sulphates of the metals are formed. Be is 
precipitated as the hydroxide from the sulphate solu- 
tion by NH^OH. The ppte. is filtered off, dissolved in 
nitric acid, and the hydroxide reprecipitated by the 
addition of NH^OH. The ppte. is filtered off, washed 
with water, ignited and weighed. 

Procedure for BcO : — 

Mix 1 grm sample of - 120 mesh ore with 1 gm. of 
sodium silicofluoride on a glazed porcelain tile and in- 
troduce the mixture into a porcelain or platinum cruci- 
ble. Heat in an electric muffle furnace at 670® to 
700®C^ for one hour. Withdraw the crucible from the 
furnace, cool, transfer the contents to a 250 ml. beaker, 
treat with 50 to 75 ml. of water, boil and filter. Col- 
lect the filtrate in a platinum dish. Wash the beaker 
and the residue on the paper with water, ( 4 or 5 
times. ) . Add 5 to 10 ml. of 1 : 1 HgSOd to the con- 
tents of the platinum dish and evaporate on the hot 
plate to fumes of SO,. Extract the residues with water, 
transfer solution to a 400 ml. beaker, neutralise with 
NH^OH and add a small excess of it. Boil for a 
minute or two. Let the ppte. settle and filter hot. 
Wash the residue 2 or 3 times by decantation with - hot 
water. P<}ur 20 ml. of dil. HNO, ( s.g. 1.2 ) on die 
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filter paper, collecting the solution in the beaker in 
which the bulk of the ppte. is contained. Add NH,OH 
of 0.96 s.g. until the ammonia is in slight excess. Boil 
and filter. Wash the ppte., ignite it in a platinum 
crucible at 950®C., cool and weigh as BeO. Calculate 
the percentage. See Notes. 

Procedure for Si02 : — Proceed as described in 
Expt. 75, for the determination of this constituent in 
a sample of fireclay. 

Procedure for AlgOs : — Proceed with the filtrate 
from SiOa as in Expt. 75, by adding NH^OH until 
alkaline. Boil, filter, ignite and weigh as BeO+FegO, 
+AlaOj. For the separation of BeO+FeaOj from 
AlgOg, fuse the ignited oxides with 10 times their 
weight of NagCOg. Extract with water, boil, filter, 
and wash. The residue on the paper consists of BeO+ 
Fe,Oj . Ignite it in a platinum crucible and weigh. 
Subtract from the weight of BeO+FejOj+AUOg . The 
difference gives the weight of Al,Og. A direct method 
for alumina consists in precipitating it*as a complex 
compound by acidifying the filtrate with dil. H,SOg 
( s.g. 1.2 ), adding ammonia until a slight turbidity 
appears, clearing it off with a few drops of the above 
acid and adding at 50®C a 5% solution of 8 -hydroxy- 
quinoline in a 2N acetic acid in excess. Add a 2N 
solution of ammonium acetate until a ppte. appears 
and add 25 ml. more of the same when the precipi- 
tation will be complete. The volume of the 8— 
hydroxyquinoline reagent of 5% strength required for 
for the precipitation of alumina in 1 grm. sample of 
beryl will be about 30 to 35 ml. Filter off thfe ppte. 
through a sintered glass filter crucible, wash widi 
cold water and dry at 120® to 140®C. to constancy of 
weight. . Multiply by 0.1110 to get the weight of 
AljO^. Fortheforinulaof the reagent, see Expt. 50, 
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p. 259. The aluminium complex has the formula 
( QHgNO ), A1 and contains 5.87% Al. 

F^Og : Subtract the weight of BeO from the com- 
bined weight of BeO+FcgOj 

Qualitative Test for the detection of beryllium in a 
mineral. Fuse 0.1 grm. of the mineral powder with 
1 to 2 grm. of NagCOg in a platinum crucible for 5 to 
10 minutes ; cool the melt. Extract it with water, 
and evaporate the solution with excess of HCl (15 
to 20 ml. ) in a casserole. Cool. Extract the residues 
with 10 ml. of dil. HCl ( 1 : 1 ). Filter off silica. Add 
1 grm NH 4 CI to the filtrate and then add NH 4 OH 
( s.g. 0.96 ) until ammoniacal. Boil. Filter. Dissolve 
the residue on the paper in 10 ml. dil. HCl (1:1). 
Add to the solution few drops of a 0.05% solution of 
1 : 2 : 5 : 8 tetrahydroxyanthraquinone in a 10% NaOH 
solution. Make the solution alkaline by adding the 
10% NaOH solution. The appearance of a blue colour 
more intense than the colour obtained with the reagent 
and NaOH solution in like concentration is the indi- 
cation of the presence of beryllium. If large amounts 
ate present, a blue precipitate will be formed. A 
similar colour is given by magnesium salts. The in- 
terference is overcome by the cautious addition of bro- 
mine water when the colour due to the maj^nesium 
compound is destroyed. 

The reagent is also known as quinalizarin. 
Its relation to anthracene may be seen from the 
structural formulae given on the next page. 

The following data re the solubilities of the several 
compounds met with in the course of .this experiment 
will be found useful. ; 
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Notes ; — The purity of the beryllium oxide is tested 
by the following procedure : — 

Fuse the ignited oxide with 3 gms. of KHSO4 in a 
silika or platinum crucible. Cool. Dissolve the resul- 
ting sulphates in water. Neutralize with ammonia 
till just turbid, clear with a slight excess of dil H 2 SO 4 
( s.g. 1.2 ), add 10 gms. each of NH^Cl and NH 4 C 2 - 
Hg 02 . Boil. Add a freshy prepared solution contai- 
ning 0.5 to 1 gm. of tannin in water. If the 
aluminium complex with tannin does not form, add, 
dropwise, ammonia of O’ 96 s.g. until precipitation 
starts. Let stand on the hot plate until the ppte. 
settles. tAdd filter paper pulp and filter. Ignite in a 
platinum crucible and weigh as AUOg. Make the 
necessary correction in the % of BeO. 

EXPERIMENT 65. 

Analysis of Copper Matte. 

The following are determined in routine analysis at 
a copper works : — Cu, Fe and S. 

Outline* of the Process for Cu and Fc : — 

material ' is brought into solutidti ip tone. 





HNOj with the help of KClOg- The insoluble mattet 
is filtered off. The filtrate is made strongly ammonia- 
cal, the ferric hydroxide filtered off, re^ssolved in 
HNO3 and reprecipitated by ammonia. From the com- 
bined filtrates the copper is determined as described in 
Expt. 59. Alternatively, the cyanide method, described 
below, may be employed. Fe in the residue on the 
filter paper is determined as shown in Expt. 10. 
Principle of the Cyanide Method : — 

When a solution of potassium cyanide is added to 
an ammoniacal solution of a copper salt, a complex 
cyanide is formed and the blue colour is discharged. 
The complete discharge of the blue colour marks the 
end-point. The reaction is represented as follows : — 
CuS04-h 4KCN KaCu (CN) 4 +K 2 S 04 

Solution required : — Dissolve 25-30 gms. KCN 
in 1 litre of water. 

Standardize as follows : — 

Dissolve 0.2-0.3 gm. pure copper in 10 ml. dil. 
HNOg s.g, 1.2. Add ammonia until the precipitated 
hydroxide is redissolved. Transfer to a 500 ml. conical 
flask. Dilute to 300 ml. Cool to room tempera- 
ture and add KCN solution from a burette until the 
blue colour is discharged. Towards the end, the col- 
our becomes pale violet. If such a solution is allowed 
to stand for 2-5 minutes, the colour disappears. This 
should be taken as the end-point. If it does not 
disappear, more should be added in small quantities and 
each time 2 minutes allowed for the completion of the 

reaction. 

Prdeedure : — 

Dissolve 0.5 gm. sample in a 150 ml. beaker in 10 
ml. of cone. HNOj saturated in the cold with KClOg 
crystals. Heat very gently on the sand-bath. When 
no sulphur globules appear after 10 minutes’ warming. 
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increase the heat to boiling. Maintain at a boiling heat 
for 10 minutes. Transfer solution to a 500 ml. conical 
flask. Dilute to 200 ml. Add ammonia until a blue 
solution is obtained. Add 1-2 ml. more. Filter off 
the Fe (OH)8. Wash twice with water. Redissolve the 
precipitate in 10 ml. dil. HNOg ( s.g. 1.2 ) . Heat to 
boiling. Reprecipitate Fe by excess of ammonia. Filter 
off Fe (OH)^. Wash twice. Combine the two filtrates. 
Dilute to a volume of 300 ml. Titrate with potassium 
cyanide as in standardization. 

Record and Calculation of results : — 

Wt. of pure copper taken = 0.2000 gm. 

Vol. of KCN solution used for this *= 40.0 ml. 

Therefore 1 ml. KCN = 0.005 gm. Cu 

Wt. of matte taken = 0.5000 ml. 

Vol. of KCN solution used for matte = 39.5 ml. 

Z Cu in matte is 39.5 


Notes : — 

(1) The excess of ammonia, volume of water and 
temperature must be very nearly the same in the assay 
as in standardization. 

(2) Owing to the fact that Fe (OH)b occludes Cu, 
it is necessary to adopt a double precipitation for Fe. 
Some prefer titration without filtering off Fe (OH) 3 . 
This procedure saves time and with practice, the exact 
end point is hit off without difficulty. In fixing the 
value of the cyanide per ml., it is necessary to add to 
the pure copper solution iron solution which in quan- 
tity amounts to the Fe present in matte. 

3. If a lump of sulphur separates when the matte 
is being brought into solution, it is best transferred to a 
test-tube and brought into solution by treating with 
cone. HNO, and bromine. J'he excess of bromine is 
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expelled by boiling, the solution added to the main 
bulk and the detetmination then proceeded with. 

Iron : — 

Dissolve the ferric hydroxide residue in cone. HQ, 
reduce with SnQj and then proceed as in Experiment 10. 

Determination of Sulphur : — 

The sulphur in matte is oxidised to HgSO^, by treat- 
ment with HNOb + KClOg. The excess of the reagents 
is removed by repeated evaporation on a water-bath 
with HQ. The residue is then filtered off. BaSO^ 
is precipitated on adding BaCl^ to the filtrate. This is 
filtered off, ignited and weighed. From the weight of 
BaS 04 , S is calculated. 

Procedure : — 

Weigh a 0.25 gm. sample into a 200 ml. casserole. 
Add 10 ml. cone. HNOg saturated with KQOg. Cover 
with a cover-glass. Heat on a water-bath nearly to 
dryness. Add 5 ml. cone. HQ. Wash down side of 
the casserole with about 10 ml. water. Evaporate to 
dryness on a water bath a second time. Repeat evapo- 
ration with cone. HQ once again to make sure that all 
the HNOj is expelled. Take up with 5 ml. dil. HQ 
(1:1) . Dilute with 20 ml. water. Filter. Wash residue. 
To the filtrate, add ammonia until smelling of ammonia. 
Boil. Add 10 ml. of 10% BaClj solution diluted 
to 50 ml. Redissolve the ferric hydroxide precipitate 
by the careful addition of dil. HQ. (s.g. 1.1). After 
it is dissolved, add 2 ml. more of the same HQ. Raise 
to a boil. Let stand for 1 hour in a corner of the hot 
plate; Filter. Wash until free from chloride, dry, ignite 
in a porcelain crucible over a Bunsen burner and weigh. 
From the weight of BaSO^. calculate the % of sulphur. 

Notes ; — 

1. Ideating on the water . bath prev^ts the 
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volatilisation of HjSO^ formed by the oxidation of S 
in matte. 

2. Nitric acid, nitrates and chlorates must not be 
present in a solution from which BaS 04 to be preci- 
pitated. Hence their removal by repeated evaporation 
with HCl is necessary. 

3. When BaSO^ is precipitated in a solution con- 
taining iron, it is contaminated by this metal as shown 
by the reddish tinge of the ignited precipitate. But 
when it is precipitated in the manner indicated, it shows 
no tinge of iron oxide. 

EXPERIMENT 66. 

Analysis of Iron Blast Furnace Slag. 

Determination of SiOj, FeO, MnO, Al^Og, CaO and 
MgO. 

The iron blast furnace slag is mostly a mixture of 
calcium and magnesium silicates with small amounts of 
CaS, MnSiOg, FeSiOj, and MgO,Al Og. This last com- 
pound is known as spinel. Slag from a furnace using 
charcoal as fuel is readily and completely soluble in HCl 
while that from a furnace using coke as fuel is not so 
readily and completely soluble in HCl. The method 
given below is applicable to the latter variety of slag. 
It is applicable to the former ; only, in this case fusion 
is unnecessary and therefore omitted. 

Principle : — 

The insoluble silicates of Ca and Mg and the spinel 
are changed by fusion with NaiCO, plus KaCO, (fusion 
mixture) into NaaSiOg, NaAlOg and CaO and MgO. 
Solution of the fused mass in HCl yields silicic acid 
and the chlorides of Al, Ca and Mg. 

Fusiop Mixture : — Mix 10 gms NajCO, with lOgms. 

I^COa. 
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Procedure : — 

Weigh 5 gms. of the above mixtute into a platinum 
cracible. On the top of this introduce 0.5 gm. sample 
of the finely powdered slag. Mix well with the help of 
a short glass rod. Brush the rod. Cover with the 
lid. Heat gently first and then strongly over a Teclu 
burner maintaining strong heat for about 10-15 minutes. 
Grip the crucible with a pair of nickel tongs at the end 
of this time ; take away from the burner and give it a 
rotary motion so that the melt is distributed all round 
the side of the crucible. Allow the crucible to cool. 
When it has cooled sufficiently to be handled, rotate, 
applying light pressure, between the palms of both 
hands. By this means, the solidified melt is easily and 
readily released from the side of the crucible. Place 
the melt in a 4-5 inch casserole and boil with 20-30 ml. 
of water. Wash the crucible and lid with hot water 
and pour the washings into the casserole. Any further 
residue not removed by water from the crucible is 
removed by the addition of a few drops of hot dil. 
HCl and the whole liquid poured into the casserole. 
When the lumps in it have dissolved, cool to room 
temperature and add 15-20 ml. of cone. HQ preferably 
from a burette to avoid frothing over. 

Si02 

Cover with a cover glass and evaporate to dryness. 
Bake for half an hour. The evaporation may be 
hastened by placing the cover glass on a glass triangle 
supported on the casserole. The tendency to spit to- 
wards the end of the operation is avoided by carrying 
out the evaporation of the liquid from the surface. This 
is achieved by supporting the casserole on a broken 
beaker top. Cut so tbat it is .6 to 7 ' iit bei^bt, 
48 
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Fig. 21 shows the artangement. After baking for half 
an hour, cool. Add 10 ml. cone. HCl and 10 ml. water. 
Moisten the mass by tipping the basin slightly all round. 
Boil for 5 minutes. Dilute with 50 ml. hot water. 
Filter through a 11 cm. 
paper fitted to a loop funnel. 

Use hot water for wash. 

Collect the filtrate in a 400 
ml. beaker. Transfer the 
residue of SiOg from the 
dish to the filter paper by 
means of a jet from the wash 
bottle. A little SiO^ adheres 
to the dish very tenacio- 
usly. Remove this by a 
vigorous application of the 
‘policeman’ and transfer to the filter paper. Wash, until 
free from chloride, with hot water. The beaker with 
the filtrate is replaced by a second beaker after 4 or 5 
washings, the subsequent washings being rejected. 
The filter paper with the residue of SiO, contaminated 
with small amounts of TiOj is placed in a platinum cru- 
cible, dried and gradually ignited until the filter paper 
is slowly burnt. When the carbon is burnt, maintain the 
full heat of a Teclu burner for half an hour. Cool the 
crucible in a desiccator and weigh. Multiply by 200 
to get the % of SiOg. 

For works’ purposes the % of SiO, thus obtained is 
sufficiently accurate; where great accuracy is required, 
treatment with H^SOg and HF must be adopted. 
When a mixture of SiO,, AlgO, and TiOg is treated 
with HgSOg followed by HF and the same then evapo- 
rated to dryness, SiO, is converted into the gas SiFg, 
A1 and Ti remaining as sulphates. By ignition at 
800 to 9QP°C., they are converted into the oxides. If 
HjSOg is not added prior to the addition of . HF, all tbe 



Fig. 21. 
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three oxides will be changed into fluorides which are 
volatile. The hydrofluorisation must be carried out 
in a fume chamber with a good draught. Vapours 
of HF are poisonous. 

Fe 903 “t" 

From the filtrate precipitate A1 (OH)8 +.Fe (OH), 
and finish as in Experiment 12. 

MnO 

To the filtrate from Ai ( OH ), + Fe ( OH )„ add 
1 ml. bromine and then ammonia until ammoniacal. 
Boil to a faint smell of ammonia. Filter. Ignite residue 
in a platinum crucible at 900®C. Cool and weigh. The 
residue is MugO^ and calculate to MnO. 

CaO and MgO 

These are precipitated from the filtrate from MnO 
( OH )a exactly as described under limestone analysis 
and the determination completed as in Expt. 11. 

Notes : — 

(1) The changes taking place on fusion ate as 
follows: — 

NagCOg+CaSiOg — > NagSiO, + CaO -I CO. 
Na,COg+MgO, AlgOg — » 2Na AlO.+MgO+CO, 

The solid products to the right of the arrow are 
soluble in HCl. 

(2) Baking is necessary to dehydrate the silicic acid. 

(3) Redissolving in HCl is necessary ; water will 
not dissolve any oxychloride of magnesium or oxide 
of iron that may be formed on baking. 

( 4 ) Too high a temperature must not be employed 
for baking. 130®C. is about the requisite temperature. 

(5) Strong ignition of SiOa is necessary tb drive 
o£F water <<!Huch it boi^s teoadoasly. 
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(6) In very accurate work, the filtrate from the 
silica must be evaporated to dryness a second time, the 
residue redissolved in HCl and then filtered through 
a second filter paper and the residues from the two 
filtrations ignited together. This is necessary because of 
the tendency of small amounts of silcic acid to pass 
through the filter paper. 

(7) On account of the tendency of ignited AlgO, 
to absorb moisture very rapidly, the weighing must be 
done quickly in a covered crucible. 

(8) In the case of slags which are completely 
soluble in acid, the latter must not be added all at once 
to the sample. The weighed quantity of slag must be 
boiled with 15-20 ml. of distilled water and the strong 
acid added a little at a time, preferably dropwise, to 
the boiling mixture of slag and water. The addition 
of the acid all at once to the slag results in the 
formation of a gelatinous layer of silicic acid which 
prevents the penetration of the acid and therefore the 
the further attack of the slag. 

(9) The solution of the slag is hastened in a few 
cases by the addition of aqua regia in place of cone. 
HCl. 

(10) A blank for the amoimts of SiO,, Fe,08,Ali0g, 
CaO and MgO in the reagents used must be run. 

Sulphur : — 

Proceed by the Evolution method described in 
Expt. 19. Introduce 2 to 3 gms. of zinc along with 
2-3 gms. slag into the evolution flask. The hydrogen 
evolved helps to carry over HiS into the absQtption 
vessel. 

Phosphorus : — 

Wei^ 2-5 gms. of the sample in a platinum dish. 
Dissolve in 20 ml.- HNO».of .s.g..l.2. Add* .10 ml. HF. 
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Boil off the latter. Dilute to 100 ml. Filter. Add NH^ 
OH in excess to the filtrate. Filter. Dissolve the 
precipitate in HNOg and proceed as in Expt. 16, all the 
P being present in the precipitate as FePO^ or AIPO 4 . 
Precipitate as ammonium phospho molybdate and 
finish by the alkalimettic titration method. 

TiOg See Experiment 75. 

EXPERIMENT 67. 

Analysis of Basic Open-hearth Slag : — 

BoiT2.5 gms. of the sample in a 250 ml. beaker 
with 20 ml. of water. Add 20ml. cone. HCl in small 
quantities. Evaporate to dryness. Bake for 1 hour af 
130® C. Redissolve in 20 ml. dil. HCl (1:1) with 
the aid of heat. Dilute to 50 ml. with water. Filter 
into a 250 ml. measuring flask. Wash residue with 
water. Designate the filtrate ‘A*. Ignite the filter 
paper with the residue in a platinum crucible and 
weigh. Treat with HjSOg and HF. Heat, cool and 
weigh. The difference yields SiO». Fuse any residue 
that may be left in the crucible with sodium 
carbonate ( 1 gm. ), extract with water and dil. HCl. 
Add extract to the main filtrate ‘A’. 

Principle underlying further Procedure : — 

Basic acetate separation is adopted for separating 
Mn, Ca, Mg from Fe, Al, Ti and PsOg. See Expt. 21. 

FeaOsH- AlgOs+TiOg+PaOe : — 

Make up the filtrate (A) in the graduated flask to the 
mark. Mix well. Pipette off 50 ml. into a 400 ml. 
beaker. Neutralise with ammonia imtil a precipitate 
just • begins to form. Add drop by drop dil. hydro- 
chloric acid ( 1:1 ) to clear off any slight precipitate 
that may have formed. Dilute to 300 ml. with water 
*aod heat. When about to boil, add ,2-3 ml. of a saturated 
solution ,s>f ammonium acetate. . Boil for . a minute. 
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Filter. The residue contains FejOg-i-AlgOj-i-TiOa+PjOs. 
Ignite and weigh. Use the filtrate for MnO, CaO and 
MgO determination. From a second 50 ml portion from 
(A) determine FegOg as in Expt. 10. From a third 
portion ( 50 ml. ) determine P as shown in Expt. 16. 
Determine TiOs by the colour method. See Expt. 75. 
Use 0.1 gm. sample for the purpose. Fuse with 3 gms. 
KHSO 4 . AljOg is obtained by difference 

Procedure for Separation of Ti from Fe, Al 
and PsOg : — 

When a solution slightly acid with hydrochloric 
acid and containing iron, aluminium, titanium and 
phosphoric acid is treated with sodium thiosulphate, 
and acetic acid, the iron is reduced to the ferrous state, 
remains in solution, the aluminium and the phosphoric 
acid also remain in solution, while the titanium alone 
is precipitated as metatitanic acid. This, however, is 
contaminated by small amounts of iron, aluminium and 
phosphoric acid. To free the titanic acid from these, 
fusion with sodium carbonate in a platinum crucible, 
extraction with water and filtration of the solution are 
necessary. The residue on the paper is sodium metatita- 
nate. This is dissolved in dil. sulphuric acid and the 
determination of titanium completed by the Colour 
method with hydrogen peroxide, Expt. 37 or 75. 

The filtrate from the sodium carbonate extraction is 
added to the filtrate resulting from the^first precipitation 
of titanic acid in an impure form. Aluminium is deter- 
mined from the combined filtrates by throwing it down 
as aluminium phosphate. The iron is kept as before 
in the ferrous state by the addition of sodium thiosul- 
phate. Ammonium phosphate is added to precipitate 
the aluminium and ammonium acetate is add^ to 
react with Ae free mineral acids resulting from the 
reactions sepsesentod by the following es^atiems 
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TiCl^ + 4H3O Ti (0H)4 + 4HC1. ( i ) 

Na,S,0,+ 2HC1 — > 2NaCl + HgO+S+SO, (ii) 

2FeCl8 + SOa+HjO 2FeCU+2HCl+S08 (iii) 

AlCls + ( NH4 ), PO4 AIPO4+ 3NH4CI (iv) 

• 

The determination of iron can be made from the filtrate 
from the aluminium phosphate by boiling off the SO,, 
cooling in a current of COj and titrating against O.IN- 
KMn04. Such a procedure though lengthy has the 
merit that it is accurate. Determination of iron from 
an aliquot part of the solution of the slag by the usual 
method of reduction with zinc without a preliminary 
separation of the titanium, gives high values for iron. 

Procedure for the direct determination of AlgOg : — 

The basic acetate precipitate is dissolved in HCl. 
This solution is used. 

To the cold solution, diluted to 300 ml. concen- 
trated ammonia is added, drop by drop, until a slight 
permanent precipitate is formed. One and one-half 
millilitres of concentrated hydrochloric acid are added, 
and, after the precipitate has dissolved, 50 ml. of a 20 
pet cent solution of sodium thiosulphate and 10 ml. 
of acetic acid, in the order named, are added. The 
solution is boiled ten minutes ; the titanic acid is thus 
completely precipitated, but is accompanied, however, 
by a part of the alumina and phosphoric acid and 
small amounts of iron. After allowing a few minutes 
for the precipitate to settle, the solution is filtered, the 
filtrate being received in an 800 ml. beaker, and the 
precipitate is washed with a hot two per cent solution 
of acetic acid. 

To the filtrate, 30, ml. of a ten per cent solution of 
ammonium phosphate and one-half millilitre of concen- 
trated hydrochloric acid are added. If a precipitate 
remains after stirring thoroughly, .another portion, of 
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concentrated hydrochloric add is added, and the solu- 
tion is stirred until the precipitate dissolves. Thirty 
ml - of 20% sodium thiosulphate solution are now added. 
The solution is heated to boiling, 15 ml. of a twenty 
per cent solution of ammonium acetate are added, and 
the boiling is continued for ten minutes. The precipi- 
tate of aluminium phosphate is allowed to settle, collec- 
ted on a filter, and washed with hot water. It is dissol- 
ved on the paper with very hot hydrochloric acid (1 : 1) 
the solution being received in the beaker in which the 
precipitation was effected. This solution is reserved 
for a second precipitation of alumina after the alumina 
which is recovered from the preliminary titanic acid 
precipitate has been added to it. This alumina is 
recovered as follows : — 

The impure titanic acid is ignited in a platinum 
crucible and the contents fused with sodium carbonate. 
Of this use a quantity ten times the weight of the igni- 
ted precipitate. Extract with water and boil the solu- 
tion in a 250 ml. beaker for 10 minutes. Let stand and 
filter through a close-grained paper. Wash precipitate 
(C) with a one per cent sodium carbonate solution. 

Add the filtrate to that obtained from the solution 
of the aluminium phosphate in dil. HCl. Repeat the 
precipitation of aluminium phosphate from this solution. 
Add 30 ml. of 10% ammonium phosphate solution. 
Clear off any precipitate that separates out by the drop- 
wise addition of dil. HCl. Add 30 ml. of a 20 ^ solu- 
tion of sodium thiosulphate. Heat to boiling, add 15 
ml. of a 20 % solution of ammonium acetate. Continue 
boiling for 10 minutes. Let stand, filter, ignitt in a 
porcelain crucible and weigh as AIPO4. 

TiOs 

Dissolve precipitate (Q by pouring hot dil. H2SO4 
(1 ; 3) on it. ■ Wash the fflter paper 2-3 tubes with the 
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same acid. Determine either by the colour method 
o^ Expt. 37 or 75 or by precipitation of Ti (OH )4 by 
hydrolysis of the titanium sulphate, providing excess 
of thiosulphate and acetic acid. 

MnO : — 

To the filtrate from FejOg+AlsOg-t-TiOa+PjOg, 
add 2-3 ml. of liquid bromine. Add 20 ml. ammonia 
(s.g. 0.88). Boil until faintly smelling of ammonia. 
Filter. Wash. Ignite residue in a platinum crucible at 
900”C. From the weight of Mn 304 , calculate MnO. 

CaO and MgO For these proceed with the 
filtrate from MnO determination, exactly as shown in 
Expt. 75. 


EXPERIMENT 68. 

Acid Open Hearth Slag. 

Unlike basic open hearth slag, this is opened out 
by a fusion attack followed by treatment with HCl. This 
is the only point of difference in the analytical proce- 
dure. The constituents determined are the same as in 
the basic open hearth slag. 

Procedure : — 

Fuse 0.5 gm. sample in a platinum crucible with 5 
gms. Na^jCOg or fusion mixture. Proceed after fusion 
as in the case of iron blast furnace slag (Experiment 66). 

EXPERIMENT 69. 

% Calcium Carbide in Electric Furnace Slag« 
Principle : — 

The sample of slag is weighed and introduced into 
a previously weighed Schrotter’s apparatus. Water is 
introduced in the reservoir compartment. The whole 
apparatus is then weighed. The water is jillQwed. to 

49 
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act on the carbide. The gas ( aeetylene ) generated, in 
the vessel passes out of the flask, being deprived of its 
moisture content by means of the anhydrous Ca Clj 
contained in the fused-on attachment to the apparatus. 
After complete expulsion, the apparatus is weighed. 
The loss in weight represents the weight of acetylene 
gas. From this weight, the amount of carbide of cal- 
cium is calculated and hence its percentage in the slag. 

The reaction taking place is as follows : — 

CaQ + 2 H 3 O — > Ca ( OH ) 3 + CjHa- 

Procedure ; — The apparatus used is shown in Fig. 
19b. Clean and dry the apparatus. Introduce sifted 
anhydrous CaClj into A. Weigh the apparatus. Indro- 
duce 5-10 gms. of the finely powdered slag into the 
flask. Weigh. Difference gives the weight of slag 
taken. Introduce about 5-10 ml. of water into F, keep- 
ing the tap c closed. Weigh the whole apparatus. 
Open c and allow the water to act on the slag for 30 
minutes at room temperature and then gently heat the 
apparatus so that the contents just boil. Aspirate a 
current of dry air through the apparatus at the rate of 
2-3 bubbles per second. The gas leaves the apparatus 
after its moisture is absorbed by the anhydrous CaQ,. 
Cool. Wipe the outside of the apparatus with chamois 
leather piece and then weigh. The loss of weight repre- 
sents the weight of acetylene. From this, the weight 
of Ca C, in the quantity of slag taken is calculated. 26 
gms. of acetylene correspond to 64 gms. of calcium 
carbide. 

Notes : — 

(1) The clean Bask is dried by adding about^S ml. 
of rectified spirit, wetting it all over, pouring out the 
excess and passing a current of hot air through a glass 
delivery mbe reaching to the bottom of the flask, 
to cool ic ait* Wipe the outside wit|i a piece of 
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chamois leather before weighing. In this way any 
moisture on the outside is eliminated. This same 
operation of wiping is conducted each time the flask is 
weighed. 

(2) Acetylene is somewhat soluble in water. By 
boiling, the gas is expelled. 

(3) At the start the apparatus is weighed when 
filled with air. At the end of the experiment, if should 
be weighed, also filled with air. Hence the stream of 
dry air entering at d and drawn out at e. The stream 
of air should be dry. Hence the necessity for passing 
the entering stream through anhydrous CaClg tube, 
attached to d temporarily. 

(4) The ends d and e should be plugged up with 
glass tods inserted into pieces of rubber tubing to pre- 
vent entry of moisture during weighing. 

(5) Methods involving the absorption of CgHj by 
suitable reagents, the liberation thereof by subsequent 
treatment with other reagents and the volumetric titra- 
tion of the same in a manner similar to that employed 
for S determination in pig iron and steel have not yet 
been evolved. 

(6) A qualitative test for the detection of acetylene 
gas present in a gaseous mixture consists in the forma- 
tion of a red coloured ppte. when the gas is led 
through a few drops of the following solution diluted 
to 500 ml. s — 

Weigh 1 gm. copper nitrate into a 50 ml. measuring 
flask. Dissolve in 5 ml. of water. Add 4 ml. of 6 N 
ammonia and 3 gms. of hydroxylamine hydrochloride 
and shake until the solution is colourless. Place a few 
drops of this mixture into a stoppered 500 ml. cylinder. 
Dilute with water and mix. Bubble the gas mixture 
flirough dais* solution until die solution becomes pink^ 
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Shake. A beautiful red coloured ppte. of copper accty- 
lide indicates the presence of acetylene in the mixture 
of gases. 

(7) Alternatively the content of calcium carbide 
in slags may be calculated on the basis of two determi- 
nations. 

Combustion of a known quantity of the slag in a 
stream of oxygen using the apparatus for the determi- 
nation of carbon in steel by combustion (p. 129) yields 
the total carbon. The amount of free carbon ’is ascer- 
tained on a known weight of a second sample by trea- 
ting it with dil. HCl, filtering off the undissolved 
matter through asbestos, drying this and carrying out 
the combustion of the dry residues. Subtraction of the 
% of carbon as ascertained by the second run from that 
obtained from the first run yields carbon which is 
calculated to calcium carbide. 

EXERIMENT 70. 

Determination of Cu in Dump Slag. 

The amount present is about 0.2%. A colorimetric 
method is the one generally adopted. The blue colour 
produced by solution of the sample in HNOa followed 
by treatment with ammonia is compared with that pro- 
duced by a standard solution also treated with ammonia. 

Solution required : — 

Dissolve 0.1 gm. copper contained in a 100 ml. 

beaker in 5 ml. dil. HNOg of s.g. 1.2. Expel nitrous 

fumes by boiling. Cool. Dilute with water. Add 

ammonia ( s.g. 0.96 ) until the precipitated hydroxide 

completely dissolves. Transfer solution to a 100 ml. 

measuring flask'. Make up to the mark with water. 

Mix thoroughly by shaking. 

• 

1 ml. of the solution s 0.001 gm'..Cu. 



Procedure for Slag from matte-smelting rever- 
beratory furnace : — 

Dissolve 1 gm. of the finely powdered material in 
10 ml. cone. HNOj, and a few crystals of KCIO,. 
Heat till the brown fumes are expelled. Dilute with 
water. Heat until dissolved. Cool. Add NH^OH in 
excess. Filter off SiO^, Fe(OH)g, etc., receiving the 
filtrate in a 100 ml. graduated tube. Bring to the mark. 
Introduce a mixture of water and dil. ammonia into a 
second graduated tube up to the 100 ml. mark. Add 
the standard solution from a burette in small quantities. 
Mix and compare the sample, after adding an equal 
volume of water, with the standard until the tints 
are equal. 2.2 ml. of the above standard Cu solution 
matched the colour of the sample. Hence % Cu in 
the slag is 0.22. 

EXPERIMENT 71. 

Slag from a Bessemer Converter Producing 
Blister Copper. 

Reduce the slag to a fine powder in an agate mortar. 
Weigh out 2 gms. into a platinum dish, ajid 10 ml. HF. 
Allow to stand for 1 hour, stirring occasionally with 
platinum wire. Add 2 ml. cone. HgSO^, evaporate to 
a syrup on a water bath and finally volatilise the SiOj 
by stronger heating. 

Procedure for Copper : — 

Take up with HCl and HjO, transfer to a beaker, 
warm, pass HgS, filter off CuS and AsjSg, wash, dissolve 
in HNO + KClOj, add a drop of FeO, (equivalent to 
about 0.05 gm Fe) and then excess NH^OH, filter, wash, 
evaporate filtrate to small bulk, and determine cc^pet 
colotimetrically as in Experiment 70 or electrolytically 
. as in Experiment 43. • . 
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Note: — 

Addition of FeClg has for its object the separation 
of arsenic as ferric arsenate. This separates out along 
with ferric hydroxide on the addition of NH^OH. 
Arsenic : — 

Redissolve in HCI the precipitate formed by the 
addition of FeClg followed by NH 4 OH and precipitate 
As as AsjSg by passing HgS, filter, wash, dissolve the 
ppte. inHNOg and KClOg, dilute, add magnesia mixture, 
allow to stand for several hours, filter, wash, ignite in 
a porcelain crucible and weigh as magnesium pyro- 
arsenate having the formula MggAsjO^. The precipitate 
separating out on the addition of magnesia mixture is 
magnesium ammonium arsensate. 

Note ; — 

The conditions of precipitation and ignition of 
MgNHgAsOg are exactly similar to those of MgNHgPOg 
which are described in Expt. 1 1 , 

Ferric oxide and Alumina : — 

To the filtrate from the first precipitation of Cu 
and As as sulphides, add a drop of UNO,, boil off HgS, 
add NH 4 CI and NH 4 OH, boil and filter off Fe (OH) 8 +Al 
( 0 H) 8 , dry, ignite and weigh as oxides. 

Digest the ignited oxides at the ordinary tempera- 
ture for 1 hour with cone. HCI, heat until dissolved, 
reduce with SnCI, and determine Fe as in Expt. 10. 
Obtain A],0, by difference. 

Lime : — 

To the filtrate from Fe (OH)g+Al (OH)„ add (NH4), 
C^Og, filter and proceed as in Experiment 11 . 

Magnesia t — 

Evaporate filtrate to half bulk, add NH4OH and 
(Nf^HPOg stir well, allow to stand for several hours,- 
wash, ignite and weigh as Mg,PgO|. ■. 
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' Alkalies : — 

Evaporate filtrate from above to dryness, destroy 
ammonium salts, moisten with 3 to 5 drops of dil. 
HCl. (1 : 1). Heat to dull redness. Cool and weigh. 
The weight represents KCl+NaCl. For the determina- 
tion of KjO and Na20 separately, see Expt. 77. 

Silica : — 

Fuse 1 gm. with 6 gms. ‘fusion mixture’ in a plati- 
num dish, extract melt with water, filter, acidify filtrate 
with HCl, evaporate to dryness, take up with HCl, 
filter, dry, ignite and weigh as impure SiOj. Volatilise 
with HgSO^ and HF as usual. Loss represents* SiOj. 
See Experiment 66 for details. 

EXPERIMENT 72. 

Analysis of Copper Refinery Slag. 

The method described in Experiment 71 may be 
adopted without any modification. 

Procedure for i02 •’ — 

Dissolve 1 gm. of the finely ground material in a 
250 ml. beaker with 20 ml. cone. HNOj and a few 
crystals of KClOg. Evaporate to dryness. Take up 
with 20 ml. dil. HCl (s.g. 1.1), filter. Wash. Ignite the 
residue and weigh as SiO,, 

Copper : — 

Pass HgS into the filtrate. Filter off CuS, dissolve 
the precipitate in 10 ml. boiling hot dil. HNO, s.g. 
1.2, and filter off any insoluble sulphide of As. From 
the filtrate determine Cu by the cyanide method. Sec 
Experiment 59. 

Iron •: — 

Boil the filtrate from CuS to expel H,S, oxidise with 
a drop or two of HNO,. Cool, add NH^OH. Boil. Filter 
off the precipitate, dissolve in HG, reduce with SnO, 
and ptoeced- as in Experiment 9 or tO. 
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Nickel : — 

To the filtrate from the ferric hydroxide precipitate, 
add ammonium sulphide until nickel is completely 
precipitated as NiS. Filter. Wash. Ignite in a porcelain 
crucible to oxide. Dissolve in HCl. Precipitate nickel 
as nickel dimethyl glyoxime and finish as in Expt. 28. 

To the filtrate from NiS, add ( NH4 )a C2O4 and 
filter off CaCjO^. Determine CaO as in Experiment 11. 

EXPERIMENT 73. 

Analysis of Slag from a Lead Blast Furnace. 

Determination of Lead. 

Principle : — 

The slag is readily opened out with a mixture of 
HCl and HNO3. H^SO^ precipitates lead as PbSOj . 
This is filtered off along with BaSO^ and SiO,. 
Separation of PbSO^ from BaSO^ and SiOj is effected 
by ammonium acetate 

Procedure : — 

Dissolve 2-5 gms. of the slag in 15 ml. cone. HCl, 
add a few ml. of cone. HNO3, evaporate to dryness, 
take up with 10 ml. cone. HCl and 50 ml. H3O, add 
5 ml. cone. H2SO4, and evaporate to fumes. Cool, dilute 
to 100 ml. with H2O, boil, let setde, filter, wash with 
cold 10% H2SO4, reserve filtrate ( F ) for determination 
of Cu (see below). Transfer precipitate from the paper 
to a beaker with hot water, add 5 gms. NH4C2H3O2, 
boil, refilter, wash with 2% NH4C2H3O3 solution and 
determine Pb from the filtrate by the molybdate method 
described in Experiment 62. 

Silica : — 

. Dry the residue on the filter paper consisting of 
BaSO^ + SiO,. Ignite and weigh. Treat with H8SO4 
and HF . Ignite and weigh. The loss in weight 
represents' SiO*. 
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Barium : — 

Fuse tesidue from HF treatment with 5-6 gms. of 
‘fusion mixture* in a nickel crucible, extract with hot 
water containing a little NH^OH, filter, wash with very 
dilute NH4OH until free from sulphates. Dissolve 
precipitate off the filter with dil. HQ, refilter through 
the same paper, and add excess of K^CrO^, make slightly 
ammoniacal, boil, settle. Filter, wash with 1 % ammo- 
nium acetate solution until free from chromate, dry, 
ignite at. a moderate temperature and weigh as BaCrO^. 

Copper : — 

To the original filtrate ( F ) add 5 ml. HCl, and pass 
HjS, filter off any precipitate of CuS, wash, redissolve 
in a little HNO3 and determine Cu by the Iodide 
method. See Experiment 59. 

Fe^Oj, AtjOg, CtjOg : 

Boil filtrate free from Hj,S, oxidise with HNO3, add 
2 gms. NH4Q, then NH4OH to a faint smell, boil, filter, 
wash well, redissolve and reprecipitate, wash, ignite 
and weigh as combined oxides. Redissolve ignited 
residue in HCl and determine Fe as in Experiment 10. 
Calculate Al^Og by difference. If Cr^Og is suspected, 
determine it as follows : — 

Divide the solution of the ignited oxides in HCl into 
two parts. From one part determine iron as described 
above and from the other determine chromium as 
follows : Evaporate to fumes with H^SO^, dilute with 
water, boil, add a 2% solution of KMnO^ until a pink 
colour persists on boiling for some minutes. Redissolve 
any separated residue of MnOa in cone. HCl. ( Suffi- 
cient HCl to clear the liquid should be added). Dilute 
with 150 ml. water. Boil until the smell of chlorine 
disappears completely. Cool. Add excess of standard 
FeSOg, (NH^)* SO4, 6H,0. Titrate ■ excess by* standatd 
50 * 
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K,Cr,0,. 1 ml. 0.1 N-FeSO^=0.00173 gm. Cr. For the 
principle of the method, see Expt. 31. 

Zinc Oxide : — 

To the filtrate from Fe ( OH )3 4- A1 ( OH odd 
( NH4 )*S, filter, wash, redissolve in HCl and determine 
zinc as pyro phosphate. See Experiment 41 . 

Lime : — 

Boil down filtrate to small bulk and determine 
after precipitating as CaC304. See Experiment 11. 

Magnesia ; — 

To the filtrate from CaCj04 add aqua regia and 
boil down to low bulk, add HjO, make just alkaline 
with NH4OH and add Na2HP04, agitate, let stand 6-12 
hours, filter, wash, ignite and weigh as MgjPjO,. 

Sulphur : — 

Dissolve 2 gms. of the slag in aqua regia, evaporate 
to low bulk, add more HCl and re-evaporate, filter, 
add BaClj and determine S as BaS04, 

The insoluble residue also contains S. To determine 
the sulphur in this, fuse with ‘fusion mixture’ with a 
little KNOg, extract the melt with water, filter off the 
insoluble matter, acidify the filtrate with HCl, add 
BaCl, and determine S as BaS04. See Experiment 18. 

Gold and Silver : — 

Proceed using the charge shown for a silicious ■ ore 
described in Experiment 53. 

EXPERIMENT 74. 

Analysis of Fluorspar. 

Qeaieiral : — 

This is used as a fiux in steel making. It is also used 
ini^ahmimum xsakirtg. In the lattenprocess, whenever 
'dlQicolty is ca|>et9enced in effecting a shajp separation 
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of the metal from the molten cryolite, it has been used 
with very great advantage. 


The mineral CaF, occurs in association with CaCO,. 
MgCOj, FeCOgjAlgOj, CaSiO,, etc. . It is not comple- 
tely converted into sodium or potassium fluoride by 
fusion with NajCO, or KgCOj. Its complete attack by 
fusion is possible only in the presence of a considerable 
amount of quartz sand or pure silica along with a mix- 


ture of Na^COj and KjCOg. 

Principle : — 

The mineral powder is treated with acetic acid. 
CaFj is only very slightly attacked but CaCOg, MgCOg, 
FeCOg, and CaSiO, are dissolved. Dilution with 
water and boiling followed by filtration yield a residue 
consisting of CaFg, basic ferric acetate and silica. The 
filtrate contains Ca ( CgHgOg )j and Mg ( CgHgOg )g. 
The residue is ignited and weighed. Treatment of the 
ignited residue with HF volatilises the silica The 
residue is ignited and weighed. The difference yields 
the silica content of the mineral. The residue left after 
HF treatment is evaporated to dryness with cone. 
HgSOg. This expels the HF leaving behind CaSOg, Fcg 
(S 04 )g,Alg(S 0 g)g and HgPO*. The mass is heated 
strongly and then fused with NagCOg. The fusion is ex- 
tracted with water, acidified with HNOg and made up to 
a definite volume in a graduated flask. An aliquot part 
is used for the determination of HgPO^ by precipitating 
with ( NHg )g MoOg and finishing as in Expt. 16. 

On a second aliquot portion the basic ferric acetate 
separation of phosphoric acid described in Expt. 21 is 
adopted. The filtrate from the basic ferric acetate and 
the ferric and the aluminium phosphate is used for the 
determination of calcium and magnesium present as 
CiaFg and MgF,. Ca is thrown down as CaCgOj and 
as Mg NHiPOg! See Exfit. 11. 
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The residue from the basic acetate separation is 
ignited and weighed. This yields the sum of Fe,0,4- 
AlgO, l-PsOj. This is fused with NajCO,, the fusion 
product acidified with H 2 SOJ, tartaric acid added, the 
solution neutralised with NH 4 OH and then made acid 
with HjSOj. HjS reduces the iron and on making 
ammoniacal again, iron is precipitated as FeS. This is 
filtered off, ignited and weighed. From the weight of 
FcjO, -i- AljO, + PsOg, subtract the sum of Fe^Oj + 
PpB. The difference yields the weight of AI 3 O 3 . 

The filtrate from the solution of the mineral in 
acetic acid is used for the determination of the amounts 
of Ca and Mg present as carbonates. They are thrown 
down as CaCjO^ and Mg NH^PO^. See Expt. 1 1 . 

The following represents the scheme of analysis of 
fluorspar : — 

Open out 0.5 gm. sample of the mineral powder 
with acetic acid. 

Dilute with water, boil and filter. 


Residue Filtrate 

Ignite and weigh. Treat with HF, Proceed for Ca 
ignite and weigh. Difference is SiO^. and Mg present 
Treat with cone. HjSO,. Heat to as CaCOj as 
drive off HF. Repeat treatment with shown in Expt. 12. 
HjSOj and heat to decompose sul- 
phates. Fuse with NagCO,. Extract 
with water and dil. HNO, and 
make up to the 250. ml. mark in a 
graduated flask. Pipette off three separate portions a, b 
and c. Portion (a) is 25 ml. and is transferred to a 250- 
300 rpl, capacity conical flask. Precipitate P as (NH,), 
PO,, 12 MoOg and, finish as in. Expt. 16. •, * 
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Transfer 100 ml., portion (b), into a 600 ml. capa- 
city beaker and throw down Fe as FeS by the method 
of Gooch, ignite and weigh as FcjOj. See page 314, 
Expt. 57. Discard the filtrate from FeS. 

Transfer 100 ml. of the solution in the 250 ml. 
fiask, portion (c), into a 600 ml. capacity beaker. Throw 
down Fe, Al, H,PO^ as basic acetates and phosphates 
as described in Expt. 21. 

Filter 

_ I 

! 1 

Residue Filtrate 

Ignite, cool and weigh as FcaO, + Determine Ca and 
AljOg + P 2 OJ. Subtract from this Mg as in Expt. 11 
the sum of P^Og as ascertained in This gives the Ca 
portion (a) and Fe^Oj as ascertained Fg and Mg Fg pre- 
in portion (c). The difference is sent in the mineral. 
AlPOg. 

Procedure : — 

SiOg : — .Weigh O’ 5000 gm of the sample powdered 
finely enough to pass through a 100 mesh sieve, into a 
200 ml. beaker. Add 10 ml. of 1’5 iV — acetic acid. 
Cover with a cover glass and heat on a water-bath for 
one hour. Rinse down the lower side of the cover- 
glass, remove it, evaporate to dryness on the water-bath 
and bake for 30 minutes. Add 50 ml. of water and 
boil. Filter, collecting the filtrate in a 400 ml. beaker. 
Wash, residue on the paper with hot water 4 or 5 times, 
collecting the washing in the same beaker. Transfer 
filter-paper with the residue to a platinum crucible. 
Ignite, cool and weigh. Add 5 ml. of HF. and heat 
on the electric hot plate or a sand-bath until dty* 
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Repeat treatment with HF once mote using 2 ml. Heat 
as b^ote until dry. Moisten with HF. Add NH^OH to 
precipitate Fe. Evaporate slowly to dryness. Ignite 
strongly. Cool and weigh. Difference gives the 
weight of silica. Calculate the percentage. 

PgOg : — ^Add 2-3 ml. of cone. HjSO< to the residue 
in the crucible. Heat on a hot plate until the HF is 
expelled. This will take 5-10 minutes. Repeat treat- 
ment with HgSO^ and heat to fumes. Prevent loss 
from liquid creeping to the top of the crucible ‘ and the 
outside by directing the flame of a Bunsen burner held 
in the hand, to the top of the crucible. When fumes 
have ceased to be evolved, heat strongly over a Teclu 
burner. Add 2-3 gms. of Na,COg to the crucible, heat 
over a Teclu burner until well fused. Cool, extract with 
water and dil. HNOg (s.g. 1*2) and transfer solution to 
a 250 ml. measuring flask. Rinse the crucible with 
water 3 or 4 times and transfer the rinsings to the flask. 
Make up to the mark with water. Mix thoroughly. 
Pipette oflF 25 ml. to a conical flask. Add 15 ml. cone. 
HNOg. Heat -to about 70®C. and add 60-75 ml. of 
(NHJgMoO^ solution. Let stand, filter and wash with 
l^oNHNOg solution until free from acid. Transfer 
paper with the precipitate to the flask in which the pre- 
cipitation was made, add excess of 0’2N’-NaOH solu- 
tion from a burette and shake until the yellow ppte. is 
completely dissolved. Add 0.2JV-HNO8 until excess 
of NaOH solution is neutralised. Phenolphthalein is 
the indicator. Calculate to PgOg. 

FcgO, : — Pipette off 100 ml. portion of the solution 
in the 250 ml. measuring flask to a 400 ml. beaker. 
Add.i0 ini. of 1 : 1 HjSOg. Heat to fuming. Dilute 
with wamn to 100 ml. Add 1-2 gms. of tartaric acid. 
Nie»tri^Se with NH^OH. 
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Make slightly add with 2-3 ml. of 2 N— 

Pass HjS for 10 minutes. Make ammoniacal and con- 
tinue to pass HjS for another 10 minutes. Filter oflF FeS, 
wash with H,S- water, ignite in a porcelain crudble, cool 
and weigh as FejO,. Discard the filtrate from the FeS 
precipitate. Subtract sum of FegOj + P 2 O 5 from the 
weight of FcaOg + AljO, + PjOg to be obtained by the 
procedure given *below and calculate the percentage 
of Al,Og. 

FcjOg -I- AI 3 O 3 + PjOg : — Pipette off 100 ml. of the 
filtrate in the measuring flask into a 400 ml. beaker. 
Neutralise the free acid with a saturated solution of 
(NH 4 ) 3 C 08 , until a precipitate, dissolving with difficulty 
on stirring, appears. Dilute to 300 ml. with water. 
Add 5 ml. of a saturated ammonium acetate solution. 
Boil and filter. Wash predpitate with hot water, until 
free from Ca, Mg and Na salts. Transfer ppte. to a 
porcelain crucible, dry, ignite, cool and weigh as FcgO, 

+ AlaOg + PjOg. 

Ca as Ca F, : — Add 40 ml. of a saturated solution 
of ammonium oxalate in the boiling hot condition to 
the filtrate from FejOgjAljOj and PjOg. Let stand for 
an hour. Filter through a close paper, wash with 
hot water until the washing is free from ammonium 
oxalate. Transfer ppte. to the beaker in which the pre- 
cipitation was made by puncturing a hole in the filter- 
paper and running first hot water, then 10 ml. of 1’2 
s.g. hot dil. HjSO< and finally hot water. Heat to 70°C. 
Add OT N— KMnOj until pink. Calculate % CaF,. 

Mg as Mg Fg : — ^Add to the filtrate from the above 
10 mj. of (NH,), HPO, ( Bencfi Reagent ) and 100 ml. 
of NH,GH of s.g. 0*96. Let stand 12 hours, fiker, wash 
with dil. ammonia (1:9), transfer to a porcelain crndble, 

' )d*y, ignite slowly at first and ■ then strongly* Coolf 
^awdgh. Fr^ the weight of MgjPsOT, calai^te % 
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Determination of CaCO, and MgCO, in the filtrate 
from the solution of the mineral in acetic acid : — 
Proceed as above or as shown in Expt. 12. 

COg : — Heat one gram sample in the combustion 
furnace used for the determination of carbon in steel. 
Pass a current of oxygen to sweep out the CO 2 into 
the gas collecting burette. Measure the volume of 
CO 2 + O 2 . Pass the mixture through caustic potash 
solution in the absorption tube. Pass the residual gas 
back into the burette and measure the residual volume. 
Difference gives the volume of COg. Calculate the CO, 
by weight from the volume of COj obtained, after re- 
ducing the volume to N. T. P. ( normal temperature 
and pressure ). 

Notes : — 

(1) The method described is is applicable both to 
samples of fluorspar and to the phosphatic nodules of 
Trichinopoly containing cubical crystals of fluorspar. 

(2) A direct method of determination of CaF, in a sa- 
mple is based on throwing down Ca as CaFg in admixture 
withCaCOg. The formation of CaFg . along with CaCO.^ 
helps filtration. The mixed ppte. is ignited, treated with 
acetic acid and filtered. The residue is ignited and weighed 
as CaFg. The purity of the CaFg is tested by evapo- 
rating to fumes twice with cone. HgSO^ and igniting 
and weighing as CaSO^. The details of procedure ares — 
Fuse 0.5000 gm. sample in a large size platinum crucible 
with 1.25 gms. of SiOj and 3 gms of a mixture of equal 
parts of Na,CO, and KgCOs until the evolution of gas 
bubbles ( CO, ) ceases. The temp, of fusion should not 
exceed 900®C., as there is the danger of volatilization 
of the alkali fluorides. ( M. Pt, of NaF is 980° and that 
of KF is 880°C. ) Cool. Extract with 50-75 ml. of cold 
water. Boil and filter. Wash residue on th.e paper with 
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hot water. Collect the filtrate and the rinsings in a 400 
mi. beaker. Nearly neutralize a large part of the Na,CO,+ 
K,CO, with normal HNOg. A blank fusion may be 
run using the above weights of Na 2 CO+ KjCOg + SiO*, 
extracting with water and adding normal HNO, from a 
burette using methyl orange as indicator. To the asaay 
add 0*2-0’3 ml. less of the acid than that required by 
the blank. Add 4 gms. of (NHj)aC 03 , heat to 40°C. 
and let stand for 12 hrs. Filter off the SiO^. Wash 
the ppte. with 2,' (NH 4 ) 3 C 03 soln. Collect the filtrate 
and the washings in a casserole and evaporate to dry- 
ness on the water-bath. Repeat evaporation with 2 
normal HNOg two or three times. Add 20 ml. of 
water, boil and filter. Reject the residue of SiO^. Collect 
the filtrate in a 400 ml. beaker. 

Add a few drops of phenolphthalein indicator solu- 
tion. The solution is coloured pink. Add dil. HNOg 
( 1:1 ) until colorless. Heat the solution to boiling. 
The pink colour reappears. Destroy the pink colour by 
the addition of dil. HNO, ( 1:1 ). Repeat boiling and 
addition of dil. HNOg until not more than 1 to 
1*5 ml. of4iV-HNOg is consumed in rendering the 
solution colourless. This manipulative procedure 
has for its object the securing of a solution which 
is feebly alkaline. It is in such a medium that 
AggPOi, AggCtOg, etc., is precipitated by Ag 
NOg solution. Add this solution in slight excess. 
Filter off the ppte., add a slight excess of NaCl solution 
to react with the excess of AgNOg. Boil. Filter off 
AgCl, wash the ppte. with water, collecting the filt- 
rate and washings in a 400 ml. beaker. Add 0*106 
gm. Nag COg in the form of a 2 normal solution. Heat 
to boiling. Now add a solution of Ca Cl, (N) until no 
•fcttther prc'cipitation takes- place. Let standifonhalf to 
one hour. .‘T'iiter, wasl^and ignite the pap^t with the 
51 
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residue in a platinum crucible over a Bunsen burner. 
Cool. The ppte. is CaFj -1- CaCOj. Dissolve in 1-2 
ml. of AT-acetic acid in the crucible itself. Dilute with 
hot water, filter and wash with hot water. Ignite the 
filter paper with the residue of CaF 2 in a platinum 
crucible over a Bunsen burner, Cool and weigh. Check 
the /o CaFj, by conversion into CaSO^ by heating to fur 
ming with cone. HiSO^ ( 1 to 2 ml. ) twice and bt* final 
strong heating over a Bunsen burner. 

The elimination of phosphoric acid as Ag^PO^ is 
necessary before the sodium and potassium fluorides 
are precipitated by the addition of CaClj. Fluorspar 
may or may not contain phosphate but in dealing with 
samples of fiuorapatitc the above procedure is necessary. 
KF is much more soluble in water than NaF. 

EXPERIMIiNT 75. 

Complete Analysis of Fire Clay. 

Moisture : — 

Reduce to a fineness of 20 mesh sieve the sample of 
fireclay. Weigh 3 gms. of this into a silica crucible, 
dry at 100°C. for 2 hours in a steam oven, cool and 
reweigh. Difference yields moisture. 

Loss on Ignition : — ■ 

Place the crucible and contents after making a 
determination of the moisture in a sample, in a muffle 
furnace ( temp. 950‘’C. ) and heat for 10 mins, with the 
cover on. Remove the cover and continue to heat for 
50 mins. more. Cool in a desiccator and weigh. The 
loss in weight represents combined water and organic 
matter. Calculate these on the basis of the moisture- 
free sanaple. 
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Silica : — 

Grind the material from the above until it passes 
completely a 180 mesh sieve. Ignite for a few minutes 
to expel any moisture absorbed during the grinding. 
Cool in a desiccator and weigh out 0.3 gm. sample of 
the material into a platinum crucible. Introduce 5 gms. 
NagCOj into tlie same. Mix and fuse for 30 minutes 
over the blast lamp or a muffle furnace, preferably t})e 
latter. Cool. F-xtract melt with water and then wdth dil. 
HCl s.g. '1.1 as shown under Expt. 66 . Evaporate to 
dryness. Bake at 1 10‘'C. for 4 hours. Cool. Redissolve 
in 20 ml. dil. HCl of 1.1 s.g. by heating for about 
5 minutes, filter off the silica. The filtrate still contains 
some silica. To separate this, evaporate to dryness and 
bake a second time. Cool. Take up witli 5 ml. cone. 
HCl and 20 ml. water, filter through a separate filter- 
paper, wash until free from chloride, transfer both the 
silica residues to a platinum crucible, ignite and weigh. 

Treat with 5 ml. 1 : 4 H^SO.j and 5 ml. HF. Eva- 
porate to dryness and ignite for 5 minutes. Weigii. 
The loss represents SiO^. 

Fuse the residue of TiO^ in the crucible with about 
I gm. ot Na^COj, cool and extract the melt with water 
and add the same to the filtrate from the silica filtration. 
Fe^Oa + AhO, -i- TiO, 

To the combined filtrate ( about 250 ml. ) add 2 
gm. NH^Cl and then NH^OH until slightly alkaline. 
Boil to a faint smell of NH^OH. Filter. Wash twice 
with water. Redissolvc the precipitate in 10 ml. dil. 
HNOj of s.g. 1.2. Add NH 4 OH till slightly alkaline. 
Boil to a faint smell of NH^OH, stir in pulp from one 
ashless filter-paper of 9 cms. dia. and filter off the pre- 
cipitate. Ignite in a platinum crucible, cool and weigh 
as FcjOjj -k /^IjOg + TiOj. 
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Determine each separately as follows : — 

TiO, 

Fuse tlie ignited oxides with 10 times their weight 
of KHSO4 in a platinum crucible, ('ool, extract with 
dil. HgSO^ of s.g. 1.2. Transfer to a 250 ml. graduated 
flask and make up exactly to the mark. Alix. With- 
draw 50 ml. by means of a pipette, introduce into, a 
colour comparison tube. Similarly introduce into a 
second tube 2 ml. of standard titanium sulphate solu- 
tion. Add HaC)a to each and adjust tint of sample to 
equality of tint with the standard by dilution with 
water. Calculate TiO.. See Expt. 56. 

FcaOs:— - 

Transfer the solution of the sample of TiO^ from 
the colour tube to a 500 ml. beaker. Transfer the re- 
mainder of the solution in the measuring flask also to 
the same beaker. 

Add 5-10 ml. of dil. HCI. Heat to boiling. Add 
SnClj to reduce FeCl^ to FcClj and finish for Fe as 
shown in Expt. 10. 

Obtain this by deducting the weight of Fe^Oj + 
TiOi from the weight of FcjOg + AkOj + TiOg. 

MnO : — 

Concentrate the combined filtrates from Fe^Og + 
AlgOg + TiOg to 200 ml. Add 25 ml. bromine water, 
make ammoniacal, boil for half an hour, filter off thf 
precipitate, ignite at 900”C. and weigh as Mn^O^i 

CaO and MgO : — 

Determine these from the filtrate from the MnC 
determination. See Expt. 11. 
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Determination of alkalies : — 

See Expt. 77. There it is fully described. This me- 
thod is applied without any modification. 

Notes : — 

: (1) Materials like fire-clay, fire-brick, quartzite, 

silica brick, etc., having high percentages of silica do 
not yield the entire amount of silica by one evaporation. 
A second evaporation after filtering off the silica from 
; one evaporation is necessarjr. 

' (2) The tendency of aluminium and iron hydro- 

oxides to adsorb Mn, Ca, Mg, etc. in the form of their 
salts is minimised by the procedure described. Also, 
the danger of loss of Al, Fe in the form of volatile 
■ chlorides is avoided by final precipitation from a nitric 
acid solution of the hydroxides. 

i (3) A blank for the impurities in the reagents must 
{be run along with a sample. 

, The procedure for the analysis of fire-clay is appli- 
cable without modification for the analysis of materials 
like fire-brick, silica sand, quartzite and silica brick. 

EXPERIMENT 76. 

Examination of Fire-Clay 

^reparation of clay : — 

Crush two fire-bricks and powder them so as to 
pass a 20-mesh sieve. Similarly pass raw fire-clay 
through the same sieve. Alix 2 parts of the raw clay 
with 1 part of the burnt clay. 1 pint (269 ml.) of the 
lormar and I pint of the latter will do. Mix well. Add 
iufficient water to make the mixture thoroughly plastic; 
^nead well by throwing on a wooden board and allow 
!to stand till the next day. The plasticity and the uni- 
^rmity of .the clay are increased by allowing the mix- 



406 


ture to stand as long as possible and by frequent knea- 
ding. The mixture may be kept covered with a wet 
cloth. 

Preparation of crucibles and crucible lids : — 

Prepare about a dozen small clay crucibles with the 
aid of a gunmetal or brass mould. Grease the mould 
and core with olive or mustard oil. Fig. 22 shows the 
gun-metal mould, the core, etc. used in the making of 
the fire-clay crucibles. 

Fit the brass mould into a wooden base A. This 
has a small hole into which the centcring-pin B of the 
core fits. Put enough clay to make a crucible into the 
mould, press the core C down, giving a rotary motion 
to it at the same time until the neck of the core comes 
down on the top of the flask. The excess clay comes 
out through an opening in the head of the core. It is 
then removed, a sntall piece of clay dropped in to stop 
the hole in the bottom, and the interior is exactly 
smoothed off by means of an exactly similar core but 
without a pin. Ihe crucible is then removed by lifting 
the mould from the stand and applying slight pressure 
below. A few gentle taps veith a small hammer are 
effective. 

Allow the crucibles to dry in the Lab. for 2-3 days 
and bake in a gas muffle for two to three hours, begin- 
ing with the muflle quite cold and finishing at the 
highest attainable temperature. Take out from the 
furnace and when cold, see whether any glazing or in- 
cipient fusion has occurred, whether cracking has taken 
place or, if the clay is brittle or tender. Record the 
colour and texture of the product. 

Roll out some of the prepared clay on a board with 
a rolling pin and cut out lids for the crucibles, dry and 
bake in the muffle as before. 



.407 


If the edges do not show signs of being rounded off 
by heat, the clay may be regarded as satisfactory and 
and further tested as follows : — 

Prepare three small square pyramids each about 1 " 
high, one from a standard clay of good quality and 
the other two from the clay to be examined. When 
the pyramids arc dry, take four small clay crucibles of 
good quality and in each of them place one of the pyra- 
mids wliich arc to be tested and in the fourth, put a 
piece of soft steel. Mark each pyramid so as to ensure 
subsquent identification. Marks m.rde on the outside 
with a glass-marking pencil will serve. Cover each 
crucible with a lid and fix the four crucibles by means 
of fireclay on to the narrow edge of l-'alf a fire-brick. 
Place in a cold wind furnace and build a fire round the 
crucibles. Gradually increase the heat of the furnace 
and maintain at the highest temperature for about an 
hour or more. Allow to cool. Remove the fire-brick 
with the crucibles. Gently tap the lids off the mouth 
of the crucibles and examine their contents. If the 
temperature was sufficiently high, the steel will have 
fused to a button. If the clay jiyramids are covered 
with black spots or appear glazed, they are unsatis- 
factory. Freedom from these indicates good quality clay. 
Resistance to corrosion : — 

Prepare two crucibles one from standard quality 
clay and the other from the clay to be tested. Melt .^02. 
of ferrous silicate, litharge or black copper oxide in 
each of these, in the same wind furnace. Compare the 
effect produced in the two cases. Note the time taken 
for th*e fused material to make a hole through the side 
or bottom of the crucible in each case. 

Plasticity : — 

To obtain a quantitative value, proceed as follows:— 
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Pass a small quantity of the clay to be tested through 
a 40-mesh sieve ; mix with a suitable quantity of water 
and make into a rod about in diameter and 4" in 
length. Lay this on a board and bend through an angle 
of If cracking develops on the outside of the 

bend, the angle at which the fracture commences should 
be noted. Clay with moderate plasticity should not 
show cracks when thus bent. Mix some of the dry^^ 
clay with 20!^., 50% and 100% of its weight of fine sand; ' 
pass the mixture through 40-mcsh sieve, and make up 
into rods as before. Note the proportion of sand and 
the angle through which the clay bends before cracks 
develop. The proportion of sand added is a measure 
of the plasticity of the clay. The more plastic clays 
will allow of more sand being added in these tests. 

Shrinkage • — 

Mix the clay with sufficient water, knead it well 
and roll into a slab 12 cm x 5 cm X 0.5 cm. Make 
two marks by light scratches with a pin exactly 10 cms. 
apart. Measure the distance when dry and when it has 
been baked at different temperatures. Express the shr- 
inkage in percentage of the original length. 

Porosity : — 

Break off a piece of fireclay the size of a betel-nut. 
Dry for half an hour in a steam oven and bake in a 
muffle. Cool. Weigh carefully. Let this be D gms. Sus- 
pend by horse-hair in a covered beaker in water and 
boil for some hours to expel air. Allow to cool to room 
temperatature while still suspended. Weigh iii cold 
water as in taking specific gravity measurements. Let 
this be S gms. 

^ ^ D __ Weight in air 

Appaten? S. g- weightln' water"' 
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Now take out the weighed piece, dry tlie outside 
quickly on moist filter paper or a piece of moist cloth 
and weigh in air to get the weight when the pores are 
filled with water. Let this weight be W gms. The pore 
space equals W — D ml. 

. . W-D, 

The apparent poro.sity X lOU 

EXPERIMENT 77. 

Determination of K 3 O and Na,0 in Felspar. 

■ Method of J- Lawrence Smith. 

Principle: — 

When an intimate mixture of ammonium chloride, 
calcium carbonate and the finely powdered felspar is 
heated very gently in a platinum crucible, calcium chlo- 
ride is formed. On raising the crucible to a red heat, 
the calcium chloride fuses and reacts with the felspar, 
forming KCl, NaCl, CaO, CaSiOg, AI3O3, Fe203, and 
MgO. Of these the three first only are soluble in water. 
By treating the cold sintered mass in the crucible with 
water and filtering the solution, KCl, NaCl, CaO and a 
small quantity of Ca CL pass into the filtrate. The last 
two are precipitated as CaCOj by the addition of NH.^ 
OH and (NH^Oj COg. The small quantity of CaCOg still 
left in solution is precipitated by (NH4)2C.j04asCaC20^. 
The filtrate consisting of the alkali chlorides is evapora- 
ted to dryness and cautiously ignited to destroy the excess 
of ammonium salt added as precipitant. The ignited 
residue consisting of the chlorides of Na and K is wei- 
ghed. This is then dissolved in water and treated with 
chloroplatinic acid. Both the chlorides are changed into 
chloroplatinates. Of these only the sodium salt is 
soluble in alcohol of 0.86 specific gravity. The insoluble 
potassium chloroplatinate is obtained a§ residue on the 

52 
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filter-paper when the liquid containing the two chlorop- 
Jatinates is filtered. This residue is dissolved in hot wat- 
er, the solution evaporated to diyness in a phtinum 
dish and the residue weighed. Frow the weight of 
XaPtClg that of KCl is calculated. This is deducted from 
the weight of the total chlorides. The difference is the 
weight of NaCl. From the weights of the chlorides, the j 
percentages of the respective oxides are calculated. 

The reactions that take place when the mineral is \ 
heated with NH^Cl and CaCOg may be represented 
as follows: — 

CaC0g+2NH,a-^CaCl3+2NH3-HH,0+C0a 
2KA1 SigOg+CaCla-l-SCaCO,— >6Ca SiOg-f-AiaOj 

f2KCl+5COa 

Procedure: — 

Weigh about 0.5 gm. of ammonium chloride and - 
exactly O'SOOO gm. of the finely powdered mineral into 
an agate mortar. Grind the two by means of the pestle so 
that they are intimately mixed. Weigh 4 gms. of the purest 
precipitated chalk. Add about 2 gms. of this to the con- 
tents of the mortar. Mix thoroughly by grinding with the 
pestle. Transfer the mixture without loss by means of a 
horn spatula into a 30 ml. capacity platinum crucible. Rinse 
the mortar and the pestle two times with small quantities 
of the weighed calcium carbonate left over and finally 
transfer the remaining CaCOj to the crucible. Cover 
with a lid and heat over a very low flame for about 10- 
15 minutes so that ammonia is just smelt at the mouth 
of the crucible. Turn the gas fully on and raise the 
lower three-fourths of the crucible to redness and main- 
tain it in this condition for an hour. Cool the crucible 
and cont<mts. Transfer to a 5" porcelain dish. Dissolve 
any reside? sticking to the crucible with bpt water and 
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transfer to the dish. Add to it about 75 ml. of water. 
Keep the contents at a boil for about hour replacing 
the water lost by evaporation. Press any hard lumps 
with an agate pestle or the flattened end of a glass rod. 
Allow to settle. Decant through a 9 cm. filter paper, 
collecting the filtrate in a 600 ml. beaker. Boil again 
. with 50 ml. more of water. Allow to settle and decant. 
Repeat three times. Wash with water the filter-paper 
and the residne 6 or 7 times so as to free them from 
chlorides'. The filtrate will amount to about 300 ml. 
when this has been accomplished. Add to it a solution 
of ammonium carbonate ( about 2 gms. in 25-30 ml. of 
water ) and a few drops of ammonia. Boil for two or 
three minutes. Allow to settle. Filter into a large eva- 
porating dish (6" diameter) and wash the precipitate 
and paper three or four times. Evaporate the filtrate 
to dryness and gently ignite to destroy the excess of 
ammonium salts. Cool. Dissolve the residue in water. 
Filter into a 100 ml. beaker. Add a few drops of a 
saturated ammonium oxalate solution to the boiling 
liquid in the 100 ml. beaker. Allow to settle for 24 
hours the precipitate of calcium oxalate that forms. 
Filter through a small filter-paper (7 cm. dia.) into a 

weighed 100 ml. capacity platinum dish. Evaporate to 
dryness on the hot plate or better on a water-bath. 
Gently ignite to destroy the excess of ammonium oxa- 
late. Cool. Moisten with a few drops of dil. HCl. 

Again heat gently to drive off the excess of HCl. Raise 
to a dull red heat. Cool in the desiccator and weigh. 
The increase in the weight of the dish represents the 
weight of the chlorides of sodium and potassium. 

To determine the amount of KCl, proceed as 
follows : — 

Dissolve the chlorides in the platinum dish in 6-7 
ml. of wate^j add a few tenths more than the calculated 
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number of millilitres of H^PtClg. The calculation is 
based on the assumption that the weight of the chlori- 
des obtained is entirely NaCl. Evaporate nearly to 
dryness on a simmering water-bath. Cool. Add a few 
ml. of 0.86 s. g. alcohol. Break up any crust with a 
short glass rod into fine powder. Fit a 7 cm. filter 
paper to a small funnel, moisten the paper with 
the alcohol, decant the liquid through the pa;- 
per, repeat the treatment with alcohol and th^ 
decantation until the liquid runs through the filter-paper 
colorless and the residue in the dish shows no orange- 
coloured particles and is a pure golden yellow. Tra- 
nsfer it to the filter-paper, allow the alcohol to drain 
completely. Wash the edge of the filter-paper with the 
alcohol dropped from a dropping bottle. Dissolve 
with hot water the residue on the paper and collect 
the solution in a weighed platinum dish holding the 
bulk of KsPtClo. Evaporate to dryness on a water-bath. 
Heat in the air-oven at 120®C. Cool in the desiccator 
and weigh. Convert the weight of KjPtCle to KCl. 
Deduct from the weight of the combined chlorides. 
Reduce each to the oxide. 

The reagents used must be run for the amounts of 
alkalies contained in them. The weights of reagents 
used for this run known as the ‘blank run’ must be 
equal to those used in the sample run and the volume 
of distilled water used must also be nearly equal to 
that in the sample run. 

Notes : — 

(1) In detaching the sintered mass from the crucible 
considerable difficulty will be caused if the temperature 
maintained much exceeds 900‘’-920°C. Should there be 
difficulty.in detaching the mass from the cruible, even 
when it has been maintained within this range of temp- 
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eratuie, the experiment must be re-started and a gram 
more of calcium carbonate used. 

(2) As the alkali chlorides volatilise slightly, it is 
preferable to condense the vapours by standing a porc- 
elain crucible filled with water on the platinum lid. The 
alkali chlorides are thus condensed on the lower surface 
of the lid. 

(3) As the precipitate of CaCOa occludes small quan- 
tities of NaCl and KCl, it is advisable to dissolve the 
precipitafe in dil HCl, and re-precipitate the calcium as 
CaCOj by adding NH^OH and ( NH^) 3 C 03 . The precip- 
itate is filtered off, the filtrate added to the main filtrate 
and the remaining operations then proceeded with. 
Ammonium carbonate dissolves slowly in water. The 
crystals must be powdered and left in contact with cold 
water for an hour or so to obtain a solution. 

(4) The ignition of the contents of the porcelain, 
dish to destroy the ammonium salts must be very caut- 
iously carried out. It is best not to heat the dish at the 
bottom, which will lead to loss by spirting. Heat from 
the side beginning at the top by moving the flame to 
and fro and gradually directing it to the bottom. This 
manipulation is effected by holding the lighted burner 
in the hand. Ignition of the platinum cup and contents 
must be similarly carried out. It must not be heated to 
bright red as the alkali chlorides will slightly volatilise. 

(5) Owing to the high cost of the chloroplatinic 
acid reagent, only a few tenths more than the calculated 
number of ml. must be added for precipitating the chlo- 
ropl^tinate of potassium. K^PtClg will not appear as a 
precipitate until the solution is concentrated by evapor- 
ation. Both K^PtClg and Na^ PtClg are formed on conce- 
ntration of the solution. Of these, Na^PtClg is soluble in 
alcohol of. 0.86 s. g.. while KaPtCle is insoluble. Alcohol 
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of this specific gravty is prepared by mixing 5 volumes 
of ordinary 95% alcohol with one volume of water. 

(6) Alcohol stronger than 80% ( i. e. ) of s. g. lower 
than 0.86, decomposes NaaPtClg, precipitating NaCl. 
Alcohol which is less than 75% strong ( i.e. ) of higher 
specific gravity than 0.86 dissolves appreciable amounts 
of K. PtClg 

(7) The filtrate obtained by filtering off KgPtClg and| 
the residue of K-^PtClg contain all the platinum intro-', 
duced as HaPtClg. These must be accumulated and the 
platinum recovered. The following is the method for the 
recovery of platinum from residues: — 

Evaporate to dryness in a porcelain dish. Take up 
residue in water ; pour this extract into sodium hydro- 
xide solution of 1 .2 s. g. containing 8% glycerol. Heat 
the liquid to boiling. Platinum is precipitated as a black 
.powder during the process. The reaction is represented 
as follows: — 

2C8H803-i.6H3PtC!6-l-6H,0— ^36HCl+2CO,-l-2H,CPi+6Pt. 

Filter. Wash the powder on the filter paper with 
water, dil HCl (s. g. 1-1) and finally with water until the 
filtrate is free from chloride. Dry the paper. Ignite to 
destroy any organic matter. Weigh and transform into 
HjPtClg by treatment with aqua regia in a 100 ml. 
beaker. Repeatedly evaporate ( 6 times ) to low bulk 
with cone. HCl to get rid of HNO.,. Make up with 
water so that the solution has 10 gms. Pt per 100 ml. 
of solution. Care must be taken during the evaporation 
to see that no dry salts appear on the sides of the beaker: 

(8) The method described is available for the deter- 
mination of alkalies in such materials as fire-clays’, fire- 
bricks, coal-ash, etc, ; only in these cases, 1 gm sample 
with proportionate amounts of NHpi and CaCOj is to 

be used, as..the alkali content of these materials is gene- 
rally very low. 
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(9) Owing to the high cost of platinum, perchloric 
acid is finding increasing application in the separation of 
potassium froin sodium. The principle and the method 
are described below. 

Principle : — 

The separation of K from Na depends upon the 
insolubility of KCIO^ in 97% alcohol. Ammonium salts 
and sulphates must not be present on account of the 
difficult solubility of ammonium salts and sodium 
sulphate in alcohol. 

Reagents required : — 

( 1 ) 97% alcohol by volume. Add 3 ml. of water 

to 100 ml, pure alcohol. Mix well, 

( 2 ) To 100 ml. of 97% alcohol, add 0.2 ml. of 
HCIO, of s.g. 1.12. 

P rocedure : — 

Obtain the alkalies as chlorides in the manner shown 
above. Dissolve in 15-20 ml. water. Add 5 ml. of 
20% HCIO^. Evaporate on a water-bath to a syrup, add 
a little water and continue evaporation with constant 
stirring until white fumes appear. If no fumes appear, 
add a little more HCIO^ until heavy fumes of HCIO^ 
appear. Cool and stir with 20 ml. of Solution No. 2. 
The crystals should be broken up somewhat before 
decanting through a Gooch crucible with asbestos felt. 
Prepare this for use as shown in Expt, 78A. Decant the 
solution containing the crystals of KCIO^ through the 
Gooch crucible. Wash them by decantation twice with 
Solution No. 2. Transfer the residue to the felt, wash 
with the above alcoholic solution 3 to 4 times and finally 
only .with 97% alcohol. Dry at 130’’C. and weigh 
as KCIO,. 

Preparation of Perchloric Acid : — 

Heat in a round-bottomed flask 100-20,0 gms. of 
commercial JNaClOa until oxygen begins to be evolved 
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slowly. Maintain this temprature until the mass becomes 
solid ( about l|-2 hrs ), which now consists of 
NaClOj + NaQ. Cool, dissolve the melt in water, add 
HCl to decompose any NaClOj still remaining and 
evaporate to dryness with constant stirring. Break up 
the dry mass, transfer to a large size beaker, add cone. 
HCl. By this HCIO^ is formed and solid NaCl separates 
out. Filter through a Gooch crucible with asbesto$ 
felt ; wash the crystals by decantation twice with^ 
cone. HCl. 

Evaporate filtrate on a water-bath until HCl is 
expelled and heavy white fumes of HCIO^ begin to be 
evolved. 

In case there is a potassium salt contaminating the 
sodium chlorate used, proceed as follows; — Dissolve 
the cold melt in 97% alcohol, filter off the precipitate 
through a Gooch crucible with asbestos felt, distil off 
the alcohol from the filtrate, evaporate to dryness and 
then continue the operations described above. 

Note ; ■ - 

Mixture of alcohol and perchloric acid should not 
be heated over a bare flame as a dangerous explosion is 
likely to result. 

EXPERIMENT 78 A 

Determination of Manganese in Ferro.Manganese 
(Method of Ford and Williams). 
Principle : — 

When to a solution of manganous nitrate contain- 
ing an excess of cone. HNO3, potassium chlorate 
is added, MnO, is precipitated. This is filtered off 
through asbestos, the precipitate with the asbestos felt is 
treated, in the presence of sulphuric acid, with a meas- 
ured excess of standard oxalic acid, the mixed solutions 
heated up to about 70”C. and thp excess of oxalic acid 
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determined by titration with standard KMn 04 . From 
the number of ml. of oxalic acid used up, the percentage 
of Mn is calculated. 

Solutions required: — 

1. Dil. HNO,. s.g. 1.2. 

2. Standard Potassium Permanganate solution. 
The same as in Experiment 8. 

3. IV/10 oxalic acid. Described below, 
procedure : — 

Weigh a 0.3-0.4 gm. sample of the alloy into 
a tall 400 ml. beaker. Add 30 ml. dil. HNOg 
(s.g. 1.2). Place on the hot plate. When completely 
dissolved, add 60 ml. cone. HNOg, cool to room temp, 
and thrn introduce cautiously 6-7 gms. KClOg crystals. 
Continue heating on the hot plate for 15—20 minutes. 
Remove from the plate, dilute with hot water to about 
100 ml., filter through a Gooch crucible containing 
asbestos felt, wash with hot water until free from ferric 
salts and HNOg. Transfer the crucible with the felt of 
asbestos and precipitate to a 300 ml. capacity porcelain 
dish, add 150 ml. of JV/10 oxalic acid by means of a 50 
ml. pipette, 40 ml. dil. HgSO^ (s.g. 1.20), heat to 70'^>C., 
stir well, lift the crucible from the solution by means 
of a glass rod and wash it with water. Stir the contents 
of the dish with a glass-rod until no brown particles are 
seen. Pmn from a burette standard KMnO^ solution 
into the dish until a pink colour is obtained. 

The following data on a sample run will illustrate 
the method of calculation: — 

Weight of sample =0.2698 gm. 

Weight of tube+ oxalic acid =10.5000 gms. 

Weight of same after transfer 1 

of part of the acid crystals > =8.0000 gms. 
into.a beaker jl 

53 
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This weight was dissolved in watet and the solution 
made to about 500 ml.. Volume of oxalic acid introdu- 
ced to react with Mn 02 ( run from a 100 ml. 
burette ) 

Volume of KMnO, used up to react ) 
with the excess oxalic acid 3 

Strength of KMnO^ solution used = 0.8872iV/10 
Titration values to fix the strength of oxalic acid:— i 


= 145.5 ml. 
= 55.0 ml. 


Oxalic 
20.1 ml. 

55 ml. KMnO, 

Volume of oxalic acid used ) 
for reducing MnO, to MnO | 

Strength of oxalic acid 

88.61 ml. of .8582 N/10 ) 
oxalic acid 3 

.8582 X 


Permanganate \ 
19:4 ml. 

=56.89 ml. oxalic acid 
=145.5 ml.-56.89ml. 


=88.61 ml. 

19.4 

j X .8872 NJIO 

=88.61 ml. of .8582 
iV/10 MnOj 

88.61 X 55 

gm. 


2 X 10 X 1000 


Mn. 


0.2698 gm. sample contains 

0.8582x88.61 x 55 x 100 


100 gms. 


Notes : — 


2 X 10 x TOOO X 0.2698 
=77.5 gms. Mn. 
i. e. 77.5%Mn. 


(1) The sample of ferro-manganese must be extrem- 
ely finely powdered. It must pass through a 100 mesh 
sieve. Solution of the sample is easily effected only by 
grinding the coarsely powdered sample to this • degree 
of fineness in an agate mortar. 

(2) The nitric acid used must be free from nitrous 
acid, as ..this has a reducing action on the manganese 
dioxide formed. .Such acid is ‘obtained by bubbling 
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air through 200 ml. of the Bench-Reagent for 15-20 
minutes. The arrangement of apparatus is as shown 
in Fig. 11. The gas wash-bottle contains the acid. 

(3) Due to the variation of the composition of the 
precipitate formed, it is desirable to fix the strength of 
the oxalic acid solution in terms of Mn content by the 
above process. 

(4) Filtration through filter paper is not feasible as 
the same will be destroyed by the strongly acid liquid 
containing the precipitate. Very large dilution with 
water, while serving to dilute the acid, tends to dissolve 
some of the precipitate. The asbestos filter is prepared 
as follows ; — 

Some long fibered soft asbestos is cut with a pair of 
scissors into cm. length pieces and the cut pieces 
digested with 30-40 ml. of cone. HCl in a basin in a 
boiling water-bath. The asbestos is then filtered off 
on a Buchner funnel and washed with distilled water 
until free from chloride. A small flock of the material 
is shaken vigorously with about 200 ml. water in a 
flask. The asbestos distributed in flakes through the 
water is poured on to a Gooch crucible fitted to a filter 
flask, the latter being connected through a second filter 
flask to the Laboratory Bunsen filter pump. A thickness 
of asbestos layer of about 2 mm. is sufficient. When 
the water after each filling of the crucible is drained, 
light pressure with the flattened end of a glass rod is 
applied. Beginners commonly make the mistake of 
forming a very thick layer of asbestos and applying 
great pressure while packing. Such procedure defeats 
one of the purposes for which this method of filtration 
is adopted, namely, rapidity. When the Gooch crucible 
with the asbestos is required for gravimetric work, 
it must be dried and ignited at a temperature which 
will be employed in the determination- It is then weighed. 
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The process of washing the asbestos felt in the crucible 
is repeated. It is heated, cooled and weighed. The 
crucible filter is considered fit for use if the loss in 
weight is not more than 0.0001 gm. 

(5) When HCl is employed to bring the sample 

into solution, the excess of it must be got rid of by 
repeated evaporation to low bulk with cone. HNOg 
before the crystals of KClOg are added. Otherwise an i 
explosion leading to loss of the substance by spirting 
will result. . 

(6) The reactions that take place at the different 
stages of the experiment arc as follows: — 

6Mn(N03)2 + KCIO3 + 5HaO 

^6MnOa + KCl + 10 HNO3 +2NO 

MnO^ + + HaSO^ 

-H^MnSO, + 21-1,0 + 2CO, 

SHAO, + 2KMnO, 4- 3H,SO, 

— ^K,SO, + 2MnSO, + 8H3O + lOCO, 

(7) For the determinationof manganese in ores, this 
method may also be employed in place of Volhard’s 
method, described in Experiment 58. In this case, 
preliminary treatment with HCl is necessary, as the ore 
is insoluble in dil. or cone. HNO3. Both the methods 
consume about the same length of time. 

(8) When the precaution of freeing the nitric acid 
from the reducing oxides of nitrogen has not been 
taken, manganese will be found in the filtrate from 
MnO,: — NjOg+MnOj — ^ZNOj+MnO. MnO dissolves 
in HNO3. To determine its amount the filtrate is made 
up to a known volume and the manganese in an aliquot 
part determined by the persulphate method. The Results 
obtained may be added to the percentage obtained by 
the Ford-Williams’ Method. 

(9) I,t is recommended that the addition of potass- 
ium chlorate be made to a cold s'olution as'^the precipi- 
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tate of MnOj formed under the above condition is 
readily soluble on treatment with oxalic acid-sulphuric 
acid mixture. 

EXPERIMENT 78 B. 

Determination of Chromium in Ferro-Chrome. 
Principle : — 

The alloy is fused with NajOa in a pure iron crucible 
when sodium chromate is formed. This is acidified 
with dil. HaS 04 and then treated with an excess of ferr- 
ous ammonium sulphate either in the form of the 
crystals or in t!ie form of a standard solution. The 
excess of the reducing agent is titrated against 0.1 
N-KMnO^ solution. 

Procedure : — 

A 0.5000 gm sample crushed to pass through a 420 
1 

micron ( 1 micron = qIqqj ) sieve in the case of the 

low carbon alloy and a 149 micron sieve in the case of 
the high carbon alloy is used. 

Weigh about 8 gms. of Na^Oa into a 30 ml. capacity 
iron crucible. Introduce the half gm. sample into it. 
Stir well by means of an iron nail. Scrape off any 
material adhering to the stirrer by means of another nail. 
Cover with a 2 gm. layer of NaaOg. Fuse either over 
a Bunsen burner or in an electric muffle at 600-700° C, 
Maintain the mass in a molten condition for 7-10 
minutes. Grip by means of a pair of steel tongs and 
rotate the crucible so that any unattacked material 
creeping to the top of the side is brought into contact 
with ^:he molten liquid. Cool. Introduce the crucible 
into a 600 ml. capacity beaker containing about 150 
ml. of water. When the melt has dissolved, remove 
the crucible from the beaker with the pair, of tongs 
and rinse both the crucible and the tongs with water. 
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Add 60 ml. of dil. H^SO^ ( 1:1 ) and 5 ml. of cone. 
HNO,. Boil the solution for about 15 minutes. Add 10 
ml. of a 0.5% AgNO, solution and 4 to 5 drops of a 
2.5%KMnO< solution. Follow this up with a 5 gm. 
addition of ammonium persulphate. Boil for 10 minutes 
All the chromium and the manganese, if any, will now 
be in their highly oxidised state. It is necessary to 
destroy the permanganic acid before reducing thej 
chromic acid. For this purpose introduce 4 gms. NaCl\ 
dissolved in about 40-50 ml. of water. Boil to. dissolve 
oflF any precipitate of MnO^ and continue to boil for 
10 minutes after the last particles of MnOj have dis- 
appeared. Cool to room temp. Add 3 to 5 ml. of cone, 
orthophosphoric acid. Dilute to 300-350 ml. Add an 
exactly weighed amount (about 8 gms.) of ferrous 
ammonium sulphate. Stir until well dissolved. Add 
from a burette 0-1 JV-KMn 04 until the clear green col- 
our of the chromic sulphate becomes darkened. 

1 ml. 0.1 iV-KMnO, = 1 ml. 0.1 AT-FeSO, 

= 0.001734 gm. Cr. 

Calculation. — In a determination using a 0.5 gm 
sample of the alloy, 8 gms. of FeSO^, (NHjjSO^, bHgO 
were added and the excess of it required 14*8 ml. of 
0.1 AT-KMnO^. 

8 gms. of the salt are equal to an addition of 204.1 
ml. 0*1 iV-KMnO^. 

The chromate consumed 204*1 - 14*8 ml. of 0.1 N- 
FeSO,. 

Hence % chromium equals 189.3 x .001734 x 100 
■r 0.5 = 65.96. 

EXPERIMENT 78 C. 

Determination of Silicon in Ferro-Silicon 
Principle : 

The finely powdered alloy is opened out by a fusion 
attack with sodium peroxide in an iron crucible. So- 
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diutn silicate results from the fusion. This is evapora- 
ted to dryness with HCl, redissolved in HCl, filtered 
and the residue ignited and weighed as impure SiO^. 
This is treated with HaSO< and HF and the residue 
weighed. Difference gives the amount of pure silica 
from which silicon is calculated. 

Procedure : — 

Weigh a 0.5 gm sample of the alloy passing through 
a 100 mesh sieve (149 micron) into a 50 ml, iron 
crucible .containing about 8 gms. of NaaOj. Stir with 
an iron nail. Scrape off any adhering material with a 
stainless steel spatula. Cover the mixed mass with an 
additional layer of about 2 gms. of NagOj. Heat over 
a low Bunsen burner flame for a few minutes, holding 
the crucible with a pair of tongs. Gently rotate so 
that the molten liquid comes into contact with particles 
that may have crept to the top of the crucible. Main- 
tain the bottom of the crucible at a dull red heat for 
5 minutes. Violent heating at the start leads to loss 
of material. Therefore avoid doing so. 

Tap the crucible when the mass has solidified, but 
is still hot, on an iron plate so as to dislodge the cake 
from the crucible. Transfer to a nickel dish of about 
300 ml. capacity or to a 600 ml. pyrex beaker. Add 
50 ml. of cold water. When reaction ceases, dissolve 
the contents of the crucible with a little water and 
transfer the solution to the beaker. Rinse the crucible 
2 or 3 times with water. Add the rinsings to the bea- 
ker. Now transfer the solution from the beaker to a 
casserole, add 40-50 ml. cone. HCl so as to have an 
excels of acid. Evaporate to dryness at a temp, not ex- 
ceeding 110®C. Bake. Cool, redissolve in 20 ml. of cone. 
HCl by heating gently for 2-3 minutes. Dilute with 
250 ml. of hot water, and filter through a 11 cm. filter 
paper containing a little ashless paper pulp. Wash, un- 
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til free from iron salts alternately with dil. HCl 
(1:10) and hot water. Finally wash with hot water. 
Reserve the paper with the residue. 

Evaporate the filtrate to dryness a second time and 
bake for 1 hr. at a temp, not exceeding 110"C. Cool. 
Add 20 ml. of 1 : 1 HCl, heat to boiling, dilute with 
200 ml. hot water and filter. Wash as above, first with 
dil. HCl (1 : 10) and finally with water. Transfer 
both the residues with the filter papers to a large size 
platinum crucible and ignite first gently and then 
strongly over a blast lamp. Cool in a desiccator and 
weigh. Ignite a second time, cool and weigh to see if 
the weight is constant. Adopt the hydrofluorisation 
treatment described in Expt. 66 pp. 378-379. Use about 
8-10 ml. of HF. 

Notes : — ■ 

1, An alternative method of opening out the alloy 
consists in heating the sample ( about 0.5 gm. ) in a 
platinum crucible with a mixture consisting of 2 parts 
by weight of Na^COj and one part by weight of MgO. 
This mixture is sometimes known as Rothe’s mixture. 
The reactions taking place are ; — 

Na^CO^-^NaP + COj 
Si.-p 2 CO,-^SiOs + 2 CO 
Nap + SiOj — ^NajSiO, 

The weight of finely powdered sample to be taken 
for analysis is the same as in the above method, an 
intimate mixture being secured by grinding together 
0’5 gm. of the sample and 6-8 gms. of Rothe’s mixture. 
Heating over a Teclu burner is conducted for about an 
hour- The mass when cold is transferred to a large size 
casserole, treated with 40 ml. of cone. HCl and 
evaporated. io dryness and baked. The further details 
are the same as above. 
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2. A blank for the silica resulting from the attack 
of the reagents employed on the glass and porcelain 
vessels must be determined. Also a blank for any 
residue in HF must be run using the same volume as in 
the experiment. 

EXPERIMENT 78 D. 

Determination of Vanadium in Ferro-Vanadium. 
Principle : — 

The alloy is opened out with a mixture of HNO, 
and HaSOj. The vanadyl sulphate is oxidised to vana- 
dic acid by KMnO, which at the same time oxidises 
the organic matter present. The vanadic acid is reduc- 
ed by excess of ferrous sulphate, the excess eliminated 
by ammonium persulphate and the vanadyl sulphate 
finally oxidised by a standard solution of KMnO^. 

Procedure : — Weigh into a 600 ml. beaker a 0’5 
gm. sample of the crushed alloy. Add 60 ml. dil. 
HgSO, ( 1:2 ) and 25 ml. dil. HNO 3 ( 1:1 ), heat on the 
hot plate to copious fumes of SOg. Cool to 15°C. Add 
300 ml. of water. Add OT N — KMnO^ until a very 
strong pink colour persists. Add 0.1 N — ferrous ammo- 
nium sulphate until the permanganate colour is destro- 
yed and excess of ferrous iron is present. Test for this 
on a spot plate using a drop of a 0T% solution of 
potassium ferricyanide. Add 10 to 15 ml. of a freshly 
prepared 10 /; ammonium persulphate solution and stir 
vigorously for one minute. This will oxidize the 
excess of ferrous iron leaving the vanadyl sulphate 
unaffected. Now add O’l AI-KnMO^ with constant 
stirring until a faint pink colour persists for one 
minute. Run a blank using 0’5 gm. of iron and 
treating it in exactly the same way as the sample. 
Subtract the blank and calculate the % of vanadium. 
1 ml. of 01 N-KMnQ, = 0-0051 gm V, 

54 
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EXPERIMENT 78 E. 

Ferro-Molybdenum. 

Determination of Molybenum. 

Principle : — 

The allo}’ is opened out with a mixture of HNOg 
and Hj SO^. The silica is filtered off. The filtrate is 
neutralised with ammonia to the appearance of a fainf 
red colour when it is poured into The ppte\^ 

consisting of a mixture of Fe ( OH ),, FeAsO.,, FePO< \ 
etc., is filtered off and the filtrate is treated with tartaric 
acid followed by H.SOj. On passing FI 3 S through the 
solution, M 0 S 3 and CuS separate out. These are 
filtered off, dissolved in a mixture of HNOg and HgSOj,, 
oxidised with KMnOj and tlie copper separated out as 
metal by means of zinc and filtered. The filtrate is 
passed through the Jones reductor and the reduced 
molybdenum oxidised to MoO, by OT N'-KMnOj. 
Procedure 

Weigh a 0.5 gm. sample into a 150 ml. beaker, with 
a cover glass, introduce. 10 ml. of dil. HNOg ( 1:3 ), 
place the cover in position and heat gently until disol- 
ved. Add little by little 10 ml. of dil. H^SO^ ( 1:1 ) 
and ev.iporate to fumes of SO 3 . Cool. Dilute to about 
50 ml. Heat until the soluble salts arc in solution. Rinse 
the cover glass with water and add the rinsings to the 
beaker. Filter off the silica and receive the filtrate in a 
400 ml. beaker. Wash with water 4 or 5 times, then 
with 6 iV-NHj OH and finally with water. Neutralise 
the filtrate with NH^OH until a ppte. which slowly 
dissolves appears. Pour this mixture into 75 ml. of 
nearly boiling hot ammonia of 0-96 s.g. contained in a 
600 ml. beaker. Rinse the original beaker with a little 
water and add the rinsing to the 600 ml. beaker. Do 
this twice, Give a final rinsing with hot S-^V-ammonia, 
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adding the rinsing to the main solution. Filter through 
a pulp pad and wash the residue with hot water. 
Collect the filtrate and the washings in a 600 ml. beaker. 
Reserv’^e the filtrate. Redissolve the ppte. consisting of 
a mixture of FePO^, FeAsOj and Fe (OH )3 in dil. 
HsSO^ ( 1 : 3 ), nearly neutralise the excess acid with NH, 
OH ( 1:3 ) and pour into boiling hot NHjOH ( 1:3 ), 
boil for a minute and filter. Add the filtrate to the 
first filtrate. This process of double precipitation has 
for its object the recovery of any molybdenum adsorbed 
by Fe ( OH ),. Stir in 3 gms. of tartaric acid. Saturate 
with HoS and add dil. HaSO^ ( 1:1 ) until the acid is 
present in excess, at the rate of 10 ml, per 200 ml. 
volume of the solution. Heat to boiling and let stand 
for 1 5 minutes at a temp, of about 40“C. Filter and 
wash the sulphides of molybdenum and copper with 
HjS water containing 10 gms. of tartaric acid per litre 
of the solution. Reserve the filtrate. This may contain 
a small amount of molybdenum. It is to be determined 
colorimctrically and the amount added to that obtained 
from the sulphide ppte. 

Treat the mixed precipitates in the beaker in 
which the precipitation was made with 6 ml. cone. 
H 3 SO 4 and 10 ml, cone. HlSlOs. Heat until fumes of 
SO 3 are evolved. Cool. Add HNO,, wash down the 
sides of the beaker and again heat to fumes. Repeat 
until the solution is free from yellow colour indicating 
that all the organic matter is removed. Cool. Rinse the 
side of the beaker and add a nearly normal solution of 
KMnOj drop by drop to the persistence of a pink 
colour. Evaporate to fumes. Cool. Add 75 ml. of 
water.. Raise to a boil. Precipitate the copper by the 
addition of 2 gms. of pure granulated zinc. Continue 
boiling for 2-3 minutes. Filter and wash the residue 
with water. Receive the filtrate in a beaker. Cool to 

about 40-50.^C. * 
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Pass this filtrate through the Jones redactor and 
collect the liquid leaving the redactor in a mixture of 
ferric sulphate and phosphoric acid. For further details 
of the process, see Expt. 34, page 187. For the deter- 
mination of molybdenum in the filtrate from the M 0 S 3 
and CuS precipitate, proceed as follows : — Boil down to 
a volume of 75 ml. Add 1-2 gms. of ( NH* \ S^Og and 
boil for 1 or 2 minutes. Cool. Make up to 100 ml. in ia 
100 ml. graduated flask. Withdraw 5 ml. by means of 
a 5 ml. pipette, introduce into a colour comparison, 
tube, add SnCI^ and KCNS solution. Compare the 
colour intensity with that obtained by the use of a 
standard molybdate solution. For details see Expt, 33, 
page 180. 

Notes : — 

( 1 ) Ihe addition of NH^OH wash liquid at the 
first stage when filtering off SiO^j has for its object the 
carrying down of any molybdenum that may be held 
by WOg, if any tungsten is present. 

(2) The addition of tartaric acid prior to the pass- 
ing of HjS is for the purpose of obtaining M 0 S 3 uncon- 
taminated by either tungsten or vanadium. The acids 
of these metals form complex compounds with tartaric 
acid and they are not precipitated by H 3 S. 

(3) A small amount of molybdenum is reduced to 
lower stages of valency on passing HjS and the reduced 
compounds are not precipitated by HaS. The filtrate 
from the bulk of MoSg will contain those reduced 
compounds. They are therefore dealt with by the 
colorimetric method. 

(4) As ferromolybdenum contains a small amount, 
about 0 . 2 % of copper, this must be eliminated before 
putting the molybdic acid solution through the 
teductor. '' 
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(5) The solution of the sulphide with the filter 
paper in HNOg, may give rise to certain organic 
compounds which arc reduced by passage through the 
Jones reductor. The elimination of these as oxidised 
products is effected by KMnO^. 

EXPERIMENT 78 F. 

F erro-T ungsten. 

Determination of Tungsten- 
Principle : — 

The alloy is opened out with HF and HNOg and 
fumed with FLSO,. The impure tungstic acid is filtered 
off, ignited and weighed. The ignited residue is 
fused with Na^COj, extracted with water, filtered and 
the residue is ignited and weighed. This weight is 
subtracted from the weight of impure tungstic acid 
and, from the weight obtained, the weight of tungsten 
is calculated. 

Procedure t — 

Weigh 1 gm. sample of the material passing through 
a 100 mesh sieve into a 60-75 ml. capacity platinum 
dish, add 5 ml. of FIF and heat. Add 30 ml. of cone 
HNOg drop by drop from a dropping bottle until 
the alloy is in solution. Add 15 ml. of 1:1 dil. H 2 SO., 
and heat until dense fumes of SO, are evolved. 
To avoid spattering, the heating must be done on a 
sand bath. Cool and transfer the contents of the 
dish to a 400 ml. beaker with the cautious addition 
of water. Rinse the dish with water 3 or 4 times 
each time using 10 ml. of water. Transfer the rinsings 
to the beaker. Dissolve the yellow residue adhering to 
the dish in dil. NH^OH ( 1:1 ) and add the solution to 
the beaker. Repeat solution in ammonia and finally 
rinse the disji with w^ter. Bring the volume of solution 
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to about 150 ml. by dilution with water. Add 10 ml. 
of cone. HCl and boil for 5 minutes. Remove the 
beaker from the source of heat, and dilute to about 350 
ml. with water. Add 10 ml. of dil. HCl ( 1:1 ) contain- 
ing 1’25 gm. of cinchonine. Introduce a little paper 
pulp. Heat to about 75® C and let stand for 3-4 hours 
or until the supernatant liquid is clear. Filter. Wash 
with a solution of cinchonine hydrochloride ( 4 gms.l 
of cinchonine in 30 ml. of dil. HCl ( 1:1 ) and the\ 
solution diluted to 1000 ml. with water ) and finally^ 
with dil. HCl ( 1:99 ). Transfer the filter-paper with 
the residue to a platinum crucible, gently ignite until 
the carbon is consumed and then in an electric muffle 
furnace kept at a temp, not exceeding 750® C.Cool and 
weigh. 

Purify the impure tungstic acid contaminated with 
a little ferric oxide, manganese oxide and/or chromium 
oxide by fusion with Na^COg ( 5-6 gms ) in the same 
platinum crucible. Extract with hot water and a little 
alcohol and filter. Wash filter paper with hot water. 
Ignite, cool and weigh. Subtract the weight of the 
residue from the original weight of WO,-!- impurity. 
Calculate % of tungsten from the weight of the pure 
WO3. 

Notes : — 

(1) If molybdenum is present in the alloy, this will 
be present in the filtrate from the NajCOj fusion. This 
may be determinated colorimetrically as described under 
the heading ‘Ferromolybdenum’ above. 

(2) A blank should be run for silica in NagCOg and 
the weight of SiO^ subtracted from the weight of FcgOj 
etc. impurity in the residue resulting from the fusion 
of WOj and the extraction and filtration of the same. 

(3) See Expt. 31, p 198 re use of cinchonine 
hydrochloride. 
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Determination of Phosphorus 
F erro-Phosphorus 

EXPERIMENT 78 G. 

Principle : — 

See Expt. 78 C Notes. The alloy is opened out 
by heating it in a platinum dish with Rothe 
mixture. The sintered mass is then dissolv,ed in 
water, evaporated to dryness with HCI. The residue is 
extracted with dil- HCI, the silica filtered off and the 
filtrate made to a definite volume. From an aliquot 
part of the filtrate, the phosphorus is precipitated as 
ammonium phospho molybdate. This is filtered off 
and the precipitate dissolved in standard NaOH solu- 
tion. See Expt. 16. 

Procedure : — 

Proceed as in Note 1, Expt. 78 C. Carry out the 
evaporation to dryness, baking, filtering off etc. 
operations, twice. Make up the combined filtrates 
to 500 ml. in a graduated flask. Mix thoroughly. 
Pipette off 20 ml. into a conical flask. Evaporate 
to low bulk twice with 20 ml. cone. HNO 3 . Oxidise 
with a solution of KMnO^ (4%) and destroy the excess 
with KNO 3 solution. Boil off the nitrous fumes. Cool 
to 70'’C. Add 50 ml. of ( NH* ) 3 Mo 04 solution. Let 
stand, filter, wash and complete as in Expt. 16. 

EXPERIMENT 78— H. 

Analysis of Calcium Silicide. 

Outline of Procedure : — 

The crushed alloy is opened out by a fusion 
attack with fusion mixture and a little KNO3 
in a platinum crucible. The solidified melt is 
extracted >yith wat^r, evaporated to dryness wiht 
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HCI and baked. The baked mass is redissolved 
in HCI and filtered. The filtrate is evaporated to 
dryness a second time and baked. The baked mass 
is redissolvcd in HCI and the solution filtered on a 
separate filter-paper. The two residues are combined, 
ignited in a platinum crucible, cooled and weighed. 
The residue is then hydrofluorised, ignited, cooled artd 
weighed. From the loss in weight, the % of silicojn 
is calculated. Calcium is determined from the filtra^ 
as follows : — 

A basic acetate separation yields FejOg+Al^Os+PaOp 
as residues. The filtrate from the above is treated 
with ammonium oxalate for the separation of CaC^O^ 
which is then dealt with as in Fxpt. 11. 

Silicon : — > 

Procedure : — Fuse O’ 5 gm sample with 8 to 10 
gms. of fusion mixture and 0’5 gm. KNO, in a platinum 
crucible and proceed with the melt for silicon as in 
Expt. 78-C 

FejOj-f-AljOs+FgOg - 

Proceed with the filtrate from SiOj as in Expt. 21. 

Ignite the residue from the basic acetate separation 
and weigh. Determine Fe and P as in Expts. 10 and 14 
respectively. Convert into ox'des and sultract from 
the total. Difference is AljO,. 

CaO : — Proceed with the filtrate from the above as 
in Expt 11. 

Note. This alloy is employed as an addition to 
ladle charges containing molten iron from cupola and 
to steel from the open hearth furnace. In the former 
case finely divided and distributed graphite is formed 
and castings made from such metal are known as 
meehanite castings. 
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EXPERIMENT 78 J. 

Qualitative Tests for Alloying Elements in Steels, 
a. Detection of Chromium : — 

The qualitative test is based on the formation 
of a violet coloured solution when a solution of 
diphenylcarbasiide in a mixture of glacial acetic acid 
and alcohol is added to an alkali chromate solution free 
from salts of Cu, Fe, Ni and Co and acidified with dil. 
HaSO,. . 

Reagent : — 

Dissolve 0*2 gm. of diphenyl carbaxide in a mix- 
ture of 10 ml. glacial acetic acid and 90 ml. of ethyl 
alcohol. 

Procedure : — 

Dissolve 0.1 to 0.5 gm. of the steel sample to be 
tested in a boiling tube of about 70-100 ml. capacity 
in 10 ml. of dil HjSO< (1 : 1). Add a 4% solution of 
KMnO^ in drops until a pink colour persists. Boil for 
2-3 minutes. Filter off the MnO^ precipitate through 
asbestos pad. The filtrate should be free from the pink 
colour due to KMnO^. If a pink colour shows, repeat 
boiling with the addition of a few mgms. of MnSO^ 
and filter. To the filtrate add NH^Cl and NH^OH, fil- 
ter off Fe (OH),. Acidify filtrate with dil. H^SO^ (1 : 4). 
Now add a few drops of the reagent A violet colour 
shows the presence of chromium. 

Notes : — 

(1) Alloying elements like nickel, cobalt and cop- 
per al§o give colour reactions with the reagent. They 
must be removed before applying the test. This is 
readily done by adding NaOH to the chromate solution, 
boiling and filtering o£F the ppte. The filtrate is acidi- 
fied with dii' HjSOj land the test is .then applied. 

55 
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(2) The reagent has the formula — 

^ . ^^NHNHQHs 
^ • '^^NHNHQHb 

(3) Alternatively, test as follows for the presence 
of chromium : — Dissolve 0.1 to 0’2 gm of the steel to 
be tested in 5 ml. of dil. H3SO4 (1 : 3) in a test tube 
by heating for half of an hour in a boiling water bath. 
Similarly dissolve 0.1 to 0‘2 gm of a sample of plaip 
carbon steel in exactly the same way. Hold the two 
test tubes against a white background. A green col- 
ouration due to the formation of Ctg (SOJ3 will appear 
in the tube containing the steel to be tested, in case 
Cr is present. The green colour also forms if nickel is 
present but this colour is much less intense. 


b. Detection of Nickel: — 

Dissolve 0.1 to 0*2 gm. of the steel sample in 5 ml. 
of dil HjSO^ (1 : 3) in a test tube by heating in a water 
bath. Add a few drops of dil HNOg ( 1:3 ) to oxidise 
the ferrous iron. Dilute to about 15 ml. with water. 
Add 0.5 gm. of tartaric acid and shake until dissolved. 
Add NH4OH ( 1:3 ) until slightly ammoniacal. Add a 
few drops of a 17 ^ solution of dimethyl glyoxime in 
ethyl alcohol. A bright red coloured precipitate 
or only a red colour shows the presence of nickel. 
For the composition of the ppte. see Expt. 28. 

c. Detection of Molybdenum. 


Procedure : — 

Dissolve O' 2 gm. of the steel sample in 10 ml. of 
dil. HCl ( 1:1 ) in a boiling tube of 100 ml. capacity. 
Add 0*5 gm. of KCIO,. Boil to expel the free chlorine 
after dilution with water to about 20 ml. Add to 
distinct alkalini ty a 10% NaOH solution, boil and filter. 
Acidify the filtrate with dil. HjS04( 1:4 ) and add a few 
drops of a 2% solution in ethyl alcohol of'.the reagent 
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^-benzoin oxime. A white turbidity shows the presence 
of molybdenum. 

The reagent has the formula — 
QHgCHOH.CrNOHQHB- 

An alternative test for molybdenum in steel consists 
in the formation of a blood-red colour when a solution 
of KCNS is added to a solution of an alkali molybdate 
acidified with dil. HaSO^ and treated with SnClj solution. 
The blood-red coloured compound has the formula Mo 
(OH), (CNS)*. See Expt. 34. 

d. Detection of Copper 

Dissolve about 0.1 gm. of the sample in 5 ml. of 
dil. HgSO^ ( 1:3 ) in a test tube. Transfer the solution 
to a small size beaker. Add 1 gm tartaric acid and shake 
until dissolved. Add NH4OH ( 1:1 ) until ammoniacal. 
Place a drop of the reagent a — benzoinoxime dissolved 
in alcohol ( a 2/^solution ) on a strip of filter-paper. 
Dry the same. Add a drop of the solution of steel and 
dry. A green colour shows the presence of copper. 
The reagent is known as ‘cupron’. 
c. Detection of Cobalt 
Reagent: — 

A l%Solution of the substance <7 — nitroso — /3 naph- 
thol in glacial acetic acid. 

Procedure : — 

Dissolve about 0.1 gm. of the steel sample in 5 ml. 
of dil. HCl ( 1:1 ) in a test-tube with the aid of heat. 
A green coloured solution when hot suggests the pres- 
ence of cobalt. The green colour disappears on cooling 
the solution to room temperature. Confirm by oxidising 
with a few drops of cone. HNO, and boiling until 
excess of the acid and the oxides of nitrogen are expelled. 
To the cold solution add NH^OH until ammoniacal and 
dil. HCl ( 1:J ) until jcid and then add a few 'drops of 
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the reagent. A red ppte. or colour shows the presence 
of cobalt. Alternatively, add to the above solution of 
steel not containing HjSO„2 gms. of ammonium acetate 
and 1 ml. of an alcoholic solution containing per 100 
ml. of it 0.5 gm. of ben7idine and 0.25 gm. of dimethyl 
glyoxime. An intense orange colour is produced. 

The test may also be applied to the filtrate from 
nickel which has been tested for by the addition of ain 
alcoholic solution of dimethylglyoxime, provided nt> 
sulphates are present. This will be the case if no sul- 
phuric acid is employed for dissolving the steel. 

f . Detection of T ungsten : — 

Dissolve about OT to 0.2 gm. of the steel sample 
in 5 ml. of dil. HjSO^ ( 1:3 ) in a boiling tube. When 
almost dissolved, add cone. HNO, from a dropping 
bottle in drops. Heat after the addition of a few drops. 
Particles of a yellow colour indicate the presence of 
tungsten. The ppte. is due to the formation of tungstic 
acid of the formula WO3. 

g. Detection of Vanadium : — 

The test is based on the formation of a reddish- 
brown colour when HgOg is added to a solution of 
vanadic acid. The vanadic acid is itself coloured yellow 
or orange depending upon its freshness and concentra- 
tion. In large dilutions, the yellow or the orange 
colour may not be pronounced. 

Procedure: — 

Dissolve about 0.1 to 0.2 gm. of the steel sample 
in 5 to 10 ml. of dil. HNO3 ( 1:1 ) in a boiling tube by 
heating for a few minutes over a Bunsen burner. Add 
dil. HgSO^ ( ) aod heat to expel HNO3. Add normal 

KMnO^ solution in drops until a pink colour persists. 
Boil until the pink colour is destroyed and the superna- 
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tant liquid does not show any pink colour on standing. 
Filter ofFMnOg ppte. and add to the cooled filtrate. 
An orange red colour shows the presence of vanadium. 
Pervanadic acid of the formula HVO^ is formed and has 
the orange red colour. 

Note : — 

Titanium modifies the colour but it is eliminated 
by boiling with NaOH the solution of the steel sample 
and filtering off the sodium meta titanate and making 
the addition of H 2 O 2 to the cooled filtrate, acid with 
dil. H 3 SO, 

h. Detection of Aluminium : — 

The test is based on the formation of a red colour 
or precipitate when the solution to be tested is treated 
with a solution of the ammonium salt of aurine — 
tricarboxylic acid. 

Reagent : — 

Dissolve 0.1 gm. of the reagent in 100 ml. of water. 
Procedure : — 

Dissolve about 0.5 gm. of the sample of steel 
to be tested in 20 ml. dil. H 2 SO 4 ( 1:4 ) in a 
boiling tube. Oxidise the iron by HNO 3 . Add 
NaOH solution until strongly alkaline, boil and filter. 
Acidify 5 ml. of the filtrate with dil. HCl ( 1:2 ) until 
the medium is about normal with respect to HCl. Mix 
with 5 ml. of 3 iV ammonium acetate solution and 
5 ml. of the reagent. Add ammonium hydroxide until 
slightly alkaline, then add ( NH* )a CO 3 solution. A red 
colour shows aluminium. That due to chromium is 
destroyed by ammonia The reagent is known as 
‘aluminon’ and has the formula ( CeHs OHCOONH* )a 
: C ; CgHg ( COONH* ) : O. Nitriding steels contain 
aluminium^ and molybdenum. 
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EXPERIMENT 78 K. 

Alloying Elements in Aluminium Alloys. 
Detection of N ickel i — 

The test is based on the formation of a red colour 
or precipitate when a drop of an alcoholic solution of 
dimethyl glyoxime is placed on the surface of the alloy 
which has been treated successively with drops of ^ 
solution of NaOH and of HNOs. The sodium hydroxide 
solution dissolves the aluminium but leaves the nickel 
unattacked. This is dissolved by the addition' of nitric 
acid. The solution of nickel forms the red complex 
with the reagent. For the formula, see Expt. 28. 
Reagents : — 

1. A 20% solution of caustic soda. 

2. Dilute HNOs 1:1. 

3. 1% alcoholic solution of dimethyl glyoxime. 

Procedure : — 

Allow one drop of Reagent No. 1 to act on the 
surface of the alloy piece for 2-3 minutes. Add 2 drops 
of dil. HNOg ( 1:1 ). Mix with a glass rod and add 
2 drops of Reagent No. 3. A rose-coloured precipitate 
shows the presence of nickel. 

Detection of Copper : — 

As in the case of copper in steel, the test is based 
on the formation of a green colour when an alcoholic 
solution of a — benzoinoxime is added to a copper salt. 

Reagents : — 

1. 20% NaOH solution. 

2. 20 gms of ammonium tartrate dissolved in 
100 ml. of water and the solution made ammo- 
niacal with 1:1 NH^OH. 

3. 1 gm. of a — benzoin oxime in 100 ml. of 
reclihed spirit. 
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Procedure : — 

Apply one drop of the reagent no. 1 to the surface 
of the alloy. Let it act for 2-3 minutes. Absorb the 
excess of the reagent in a strip of filter-paper. Add 
3 drops of the reagent no. 2 and then 1-2 drops of the 
reagent no. 3. A green colouration shows the presence 
of copper. 

Detection of Manganese : — 

The test is based on the formation of a pink colour 
due to the production of permanganic acid when a few 
particles of sodium bismuthate are sprinkled over the 
surface of an alloy which has been successively treated 
with drops of a solution of NaOH and of HNO3. 

Reagent : — 

1. A 20% NaOH solution 

2. Dil. HNOj (1:1) 

3. Sodium bismuthate. 

Procedure : — 

Apply 1 drop of reagent no. 1 . to the surface of 
the alloy. Allow the reaction to proceed for a minute 
or two. Add 2 drops of reagent no. 2., mix well with 
a glass rod and sprinkle on a few milligrams of sodium 
bismuthate. A purple colour gradually developing 
shows the presence of manganese. 

EXPERIMENT 78 L. 

Impurities in Copper. 

Bismuth : — 

The test is based on the formation of an orange-red 
precipitate or colour, when a strip of filter paper is 
moistened with a drop of the test solution and then 
treated with a drop of an aqueous solution containing 
cinchonine and potassium ioHide. 
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Reagent : — 

Dissolve 1 gm. of cinchonine in 100 ml. of watm 
water acidified with nitric acid. Cool. Add 2 gms. ofKI. 

Procedure : — 

Dissolve about 0.2 gm. of the sample in 5 ml. of 
dil. HNOj ( 1:1 ). Expel the excess of HNOg by fuming 
with dil. HgSO^. Place a drop of the reagent on a stri^ 
of filter-paper. Then add a drop of the solution to b6 
tested. An orange coloured ring shows the presence 
of bismuth, yellow ring, if any, being due to lead and 
a brown ring due to cuprous iodide and free iodine. 

Antimony : — 

The test is based on the formation of a characteris- 
tic crystalline precipitate, when seen with a lens, 
forming when a solution of the metal in the pentavalent 
condition is tested on a glass slide with a small 
quantity of pyrogallol. 

Procedure : — 

Dissolve about 0.2 gm. of the metal in 10 ml. of 
dil. HNOj ( 1:1 ) in a boiling tube. Dilute with water 
to about 20 ml. Place one drop of this on a glass slide. 
Sprinkle a small quantity, about 5 mgms., of pyrogallol, 
stir with a rod until dissolved. A characteristic shaped 
crystalline precipitate forms in a few minutes. 

EXPERIMENT 78 M 

Tin in Lead- Antimony Alloys- 

Tin 

The test is based on the formation of a violet- 
coloured compound formed by solutions containing tin 

in the stapnous condition when treated with an aqueous 

« 

solution of cacotheline. 
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Reagent : — 

Make a saturated solution in water of the reagent 
cacotheline. 

Procedure : — • 

Dissolve about 0.2 gm. of the alloy contained in a 
100 ml. Kjeldahl flask in 10 ml. of cone. HCl to which 
a pinch of KCIO3 has been added. Heat to help solution. 
Dilute with water to about 50 ml. and boil down to about 
20 ml. to expel chlorine. Add a strip of aluminium 
to the solution along with a few ml. of cone. HCl. Place 
a drop of the reagent on a strip of filter paper. Add 
one drop of the filtered and cold solution to the strip 
at the point where it has been moistened. A violet 
spot on the background of yellow shows the presence 
ot tin. The test is not available in the presence of the 
following — Ag, Cr, Cu, Fe + + + , Hg, Co, Ni, Mo, V, 
and Sb + •*■ + . 

Cacotheline has the formula C31 Hji Nj. 
EXPERIMENT 78 N 

Beryllium in Copper Alloys. 

Principle : — 

The test is based on the formation of a blue colour 
when a solution of quinalizarin in sodium hydroxide 
is added to a solution of beryllium salt free from .the 
salts of Mg, Co, and Cu. 

Reagent : — 

The reagent should be freshly made each time it is 
required by dissolving 40 mgms. of quinalizarin in 100 
ml. of a IZ solution of NaOHin water. 

Procedure : — 

Add a few drops of the reagent to 10 ml. of the 
solution of OT gm. of alloy in 3 ml. of 1:3 HbJOj. Add 
1/^NaOH solution until dis’tinctly alkaline. A blue 
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colour shows the presence of beryllium. The test is 
made more certain by running a parallel test in a second 
test-tube using the same volumes of the reagent 
and of NaOH solution. If beryllium is present, the 
test will yield a more distinctly blue colour than the 
parallel blank test. 

Interference due to magnesium salt is destroyed by 
the cautious addition of bromine water. Too liberal 
an addition of bromine water will tend to destroy the 
blue colour due to beryllium. That due to the presence 
of one or all of the following, namely, salts of Ni, Co, 
and Cu, is eliminated by the addition of excess of KCN 
solution. That due to aluminium is eliminated by a 
liberal addition of NaOH solution. The alloys containing 
beryllium are readily brought into solution in HNOj. 
The cold solution on treatment with excess of KCN 
solution yields the copper in the form of a complex 
compound in solution. Place one drop of this solution 
on a strip of filter paper and then a drop of the reagent. 
A blue colour will be formed, which is distinct from 
the colour due to the reagent. 

Minerals should be opened out by fusion with Naj 
COg in a platinum crucible. The melt should be extracted 
with water, treated with dil. HCl (1:1), filtered and then 
the above test applied to the filtrate. 

The reagent is also known as 1:2:5 8 tetrahy- 
droxy anthraquinone. The formula is ( OH \ CgHg 
( CO )g QH,. 



CHAPTER X. 

EXAMINATION OF SOLD, LIQUID AND GASEOUS 
FUELS AND ANALYSIS OF FLUE GAS AND 
LUBRICATING OILS. 

EXPERIMENT 79. 

Proximate Analysis of Coal : — 

The Proximate Analysis of Coal includes the 
following determinations : — ^Moisture, Volatile matter, 
Ash and Fixed Carbon. The last three are made on the 
moisture-free sample. The first three are obtained by 
direct experiment and the last, namely, fixed carbon, is 
obtained by difference. Unlike the determinations made 
on samples of iron, steel, ferrous and nonferrous alloys, 
those made on coal are subject to great variations on 
account of its inherently complex nature and the non- 
uniformity of the apparatus used and the procedure 
adopted in different laboratories. In recent years great 
attention has been paid to these aspects by the Fuel 
Research Board of England and by the American 
Society for Testing Materials of the U. S. A. . 
The methods described here are those evolved by 
these two bodies. Procedures are included which may 
be adopted in Laboratories lacking the standard 
equipment. 

For the Proximate Analysis, the powder passing 
through a 60 mesh sieve ( specified by the Institution 
of Mining and Metallurgy ) is used. 

Determination of Moisture : — 

Owing to the tendency of coal to oxidise in an 
ordinary air-qven, when the moisture jn it is expelled . 
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by heating to 105 to 110®C., the apparatus shown in 
Fig 23, which makes it possible to employ dry N 3 or 
CO 3 , is used. The chamber in which the sample is 
heated is surrounded by a glycerine -water mixture of 
such composition that it boils at 105 to 110“C. One 
part by volume of glycerine mixed with six parts by 
volume of water boils within this range. The spherical, 
condenser C serves to maintain the composition of the\ 
mixture constant. A coil of copper tube surrounds the 



Fig. 23. 


chamber and is immersed in the bath of glycerine-water 
mixture. .. The end A of the coil projecting at the back 
Qf the chamber i§ connected through wash-bottle 
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containing about to 1 inch layer of cone, sulphuric 
acid. The other end of the coil terminates at the base 
of the chamber at the front. The tube B at the back is 
connected to the Laboratory Bunsen’s filter-pump. 
During a run, the water-tap is turned on, a stream of 
air is drawn through the cone. H^SO^, dry air enters the 
chamber and takes up the moisture in the coal and is 
drawn out through B. Instead of dry air, either dry 
nitrogen or dry carbon dioxide may be circulated 
through the chamber, after drying it by passing through 
the wash bottle containing cone. HaSO^. The atmos- 
phere of CO 3 or Nj, being non-oxidising, is best. The 
rate of passing the dry gas should be such that the 
atmosphere of the chamber is renewed 3 to 4 times 
every hour. 

Containers for the sample of coal are silica dishes 
about 1 J inch in diameter and inch deep. The weight 
of the sample should be related to the diameter such 
that 0.3 gm of the coal is exposed per sq. cm. of area. 
The dishes are provided with tightly fitting aluminium 
lids which are stamped with the numbers 1,2,3, etc. 
These serve to prevent confusion of samples when a 
number of them is handled at the same time. A copper 
sheet tray with holes for the reception of the dishes 
forms part of the equipment. The insertion and 
withdrawal of a number of samples into the drying 
chamber is facilitated by this. 

Weigh 1-2 gms. of the sample into the dish and 
cover it when making the weighing. Uncover the 
dish when making a moisture determination. Heat for 
one hour. Withdraw from the heating chamber. 
Cover with the lid, allow to cool in a desiccator 
charged with concentrated sulphuric acid and weigh 
with the lid. The loss of weight represents the 
njoistuie. , 
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Determination of Volatile Matter : — 

Introduce into a weighed platinum crucible with 
tightly fitting lid 1 gm. of the sample of moisture-free 
coal. The lid has a hole 1 mm. diameter in the middle 
to help the escape of volatile matter. Support the 
crucible on a platinum wire triangle and heat for seven 
minutes in a Davies crucible furnace. Fig. 24. Th^ 
flame should have a height of about 20 cms. and the^ 
bottom of the crucible should be some 8 cms. above 
the top of the burner. 



Fig. 24. 


Cool in a desiccator and weigh. The difference in 
weight represents the amount of volatile matter. The 
determinatipn may be carried out by heating in a muffle 
furnace. The crucible should in this case be.supported 
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on a pipe clay triangle bent suitably so that the 
bottom of the crucible does not touch the floor of 
the muffle. 

This determination does not lead to concordant 
results when the experimenters do not observe the same 
set of conditions in performing the test. These are arbi- 
trarily fixed and vary in different countries. The tem- 
perature reached must be 925'’ ^25*^0, according to the 
Fuel Research Board, England. This condition is ful- 
filled if a few crystals of potassium chromate placed in 
an empty crucible show signs of melting on, heating 
the covered crucible in the furnace. 

Duplicate results obtained by the same operator, 
expressed as percentages on the sample, should not 
differ by more than 0.5. 

The ‘volatile matter’ consists of many carbon com- 
pounds and free hydrogen. CH„ CaH^, QHa and 
torm the major constituents and CgHg the minor consti- 
tuent of the gas-mixture. The test does not however 
give any insight into the nature of the compounds 
present or their amount. 

Determination of Ash 

Heat in a muffle furnace the silica dish containing 
the sample of coal wliich has been freed from moisture 
until all the carbon particles are burnt. This takes 
about 1-J hours. The dish must be placed at the 
mouth of the muffle for about 10 minutes and then 
gradually pushed into the hottest part. Suddenly in- 
troducing into the hottest part will lead to mechanical 
loss. 

In the absence of a muffle furnace proceed as 
follows ; — 



448 


Cut out a hole in a piece of asbestos board suffici- 
ent in size to expose the bottom of the dish to the full 
effect of the flame of a Bunsen burner. Raise the heat 
gradually. Stir from time to time with the help of a 
stout platinum wire. Heat until all the carbonaceous 
matter is burnt out ( 2 hours ). Cool and weigh. The 
use of a platinum dish will very much shorten the 
duration of the experiment. 

To test whether all the carbon particles have been 
burnt, proceed as follows ; — 

f 

Moisten the ash with a few drops of alcohol : if 
black specks appear, burn off the alcohol carefully over 
a low flame and then ignite in the muffle. 

Calculation of Fixed Carbon. 

Deduct from 100, the sum of the percentages of 
‘Volatile Matter’ and ‘Ash’. 

Determination of Sulphur in Coal. 

Principle : — 

Sulphur existing in coal as sulphide and sulphate at 
iron, calcium sulphate and complex organic sulphides, 
is converted into sodium sulphide or sulphite by hea- 
ting to 900®C with Na^COg. The product is then oxi- 
dised by bromine to sulphate of sodium. This is pre- 
cipitated by means of BaCIg. 

Procedure : — 

Weigh 1 gm. of the sample into a platinum crucible. 
Add to it 3 gms. of Eschka mixture. This mixture 
consists of 1 part of anhydrous sodium carbonate 
and 2 parts of magnesium oxide. Mix the two well with 
a short glass rod or by means of a spatula. Brush the 
•j'rod or the spatula. Cover *with 1 gm. more of the 
futoixture. Place in a cold muffle furnace and make the • 
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burners on. Heat until all the carbon is burnt. This 
takes about 1 hour calculating from the time the muffle 
is dull red. If no muffle furnace is available, cut out 
a hole in a piece of asbestos board which is big enough 
to allow the lower 3/4 of the crucible to project below. 
Support the asbestos board on a tripod and raise one 
of its legs slightly. This arrangement prevents the 
absorption of the gases SO 3 , SO^ resulting from the 
combustion of laboratory gas supply, from being 
taken up by the contents of the crucible. Heat over 
a Bunsen burner, gradually raising flame to full height. 
Stir the mass from time to time with a stout platinum 
wire, or a nickel-plated spoke of a cycle. When no 
more black particles are to be seen, remove the burner. 
Allow the crucible to cool. Transfer the contents to a 
beaker of 200 ml. capacity. Add 1 ml. of bromine- 
water and 100 ml. of distilled water. Boil, filter and 
wash the residue by decantation 3 or 4 times, collecting 
the filtrate in a 500 ml. beaker. Acidify the filtrate 
with dil. HCl (1 : 1). When the bromine colour is 
removed by boiling the filtrate, add 10 ml. of 10 ^ 
BaCU, continue boiling 2 minutes longer. Allow to 
stand for 12 hours. Filter off the precipitate of Ba SO<. 
Wash until free from chloride, ignite and weigh. From 
the weight of BaSOj calculate the percentage of S. 

Notes : — 

(1) Sulphur-di-oxide is among the products of 
combustion of coal. The latter is taken up by NaoCO., 
yielding Na.^SOj. The temperature at which the oxi- 
dation, of carbon and other combustible matters takes 
place fairly rapidly is about 900'*-950‘’C. At this tem- 
perature Na^CQs will be in a liquid condition, its mel- 
ting point being 850®C. In the absence of .MgO the 
molten liquid will enclose p*ar tides of coal which will 
57 ‘ " • - * 
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not render up their sulphur content as SO^ and thus 
low results will be obtained. By admixture with MgO 
which is a very good basic refractory, the mass of coal 
is kept open to oxidation and all the sulphur is burnt 
to SO 3 . Lime may be substituted for MgO in the pre- 
paration of the ‘Eschka mixture’. The procedure in 
this case is exactly the same as above. j 

(2) In the Laboratories of Europe and America^ 
coal-gas is commonly used. This contains a fair per-‘ 
centage of sulphur vitiating the result of an assay like 
the one on hand. A ‘blank run’ is made with the rea- 
gents used in the actual run, the crucible of the blank 
run being heated for the same length of time as that of 
the assay. The weight of BaSOj obtained in the 
‘blank run’ is subtracted from that obtained for the as- 
say and the calculation is then made for the sulphur in 
the assay. If the reagents are pure, no vitiation of 
results follows the use of oil-gas made from a low 
grade kerosene oil, which gas forms the bulk of the 
supply to Laboratories located in centres far removed 
from the great cities, if a blank run is omitted. Never- 
theless, it is always advisable to make a blank run for 
sulphur along with the assay of Coal. 

(3) In the absence of a platinum crucible, a nickel 
or a porcelain crucible may be used. The latter be- 
comes unserviceable for any other purpose but for sul- 
phur determinations, when once it has been used. 

(4) The method is also available for the determi- 
nation of sulphur in coke ; only in this case heating 
with the ‘Eschka mixture’ for a longer time is neces- 
sary. 

(5) When the calorific value of the sample of coal 
is determined using the ‘Bomb Calorimeter’, sulphur 
may be determined from the Boipb washings. 
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EXPERIMENT 80. 

Determination of the Calorific Value of Coal 
( The Lewis Thompson Calorimeter. ) 

Fig. 25 shows the separate parts of the calori 
meter. 



Fig 25- 

A is a large glass cylinder holding 2000 ml. of 
water when filled to the mark. B is a copper cylinder 
open below and has 8 holes each about i inch in dia- 
meter, equally spaced all round the wall and about ^ 
inch from the bottom. It is 2 inches in diameter and 
about 9 inches high. It is closed above by the copper 
pipe and tap through which the products of combus- 
tion are allowed to escape, when the combustion of 
coal is at an end. The equally spaced holes at the bot- 
tom of B permit the escape of the products of combus- 
tion during a run. C is a small copper cylinder 4 inches 
high, i inch in diameter and closed at the bottom in 
whidJthe combustion of the fuel takes place. D is the 
holder for the same. E is a thermometer graduated m 
tenths of a degree and reading to 45<-C. The procedure 
is as follows 2 gms of the finely powdered and dried 
sample of coal ( throqgh 60 mesh sieve, I. M. M. ) are 
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weighed out on a sheet of glazed papct and intimately 
mixed with 22 gms of ‘oxygen mixture’ which is made 
as follows : — 3 parts of KClOj and one part of KNOj 
are mixed and dried. The mixing of the coal sample 
with the ‘oxygen mixture’ must be very intimate. 
When this is the case, the mixture will have a grey col- 
our. This mixture is transferred to C in small quanti- 
ties at a time and is pressed after each transfer with thp 
flattened end of a wooden rod. When all of it hall^ 
been transferred, C is placed in the holder D, a few\ 
strands of fuse are embedded in the top of the mixture,' 
the projecting free ends are lighted with a match-stick 
and after quickly covering with the copper cylinder B, 
the tap at the top being closed, the whole is placed in 
the vessel A containing 2000 gms. of water, the temp, 
of which has been carefully noted. When no more gas 
bubbles issue from the holes at the side of B, open the 
tap at the top of B to allow the water to have access 
to C. Thoroughly mix the water in A by moving B up 
and down in it. Note the final temperature. If t is the 
rise of temperature in degrees C., 2000 gms., the weight of 
water used, 2 gms. the weight of coal, ‘c’ the calorific 
value is given by the equation c = ( 2000-f-w ) t/2 
where ‘w’ is the water equivalent of the calorimeter, c 
being expressed in gm. calories. The value of ‘w’ is 
best ascertained by using a standard sample of fuel of 
known calorific value and by using ‘w’ as the unknown 
in the above equation in place of c, the value of which 
is insetted. 

The following improvements of the original appa- 
ratus have been suggested by J Kershaw and they are 
claimed to give more accurate results : — 

Weight of water used is 3000 gms. A thin Jena 
glass beaker replaces the thick vessel shown in Fig. 25. 
This change lessens the rise in temp, thereby dimini- 
shing radiation losses. 
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Radiation losses are further minimised by the use of 
a tin cylindrical shield which surrounds the beaker and 
provides a non-conducting air jacket between the water 
and the outside air, 

A copper gauze ring is provided to fit on to the 
copper cylinder B and nearly touches the beaker at all 
points. This breaks up the bubbles that pass through 
the water on making a test and causes the waste gases 
to be better cooled. 

The oxygen mixture is dried, before use, for 1 hour 
at 110“C. The amount to be employed is obtained 
from W-=( 100-a ) /4 where W is the weight of oxygen 
mixture required for 2 gms, of coal and V/’ the percentage 
of ash in the sample of coal to be tested. 

Tight packing and loose packing arc alike objection- 
able. Ignition fuse is made of 4 strands of lamp wick 
dipped in concentrated KNOj solution and dried. 

Water equivalent is obtained by putting through 
the above operations 2 gms. of a sample of coal whose 
heating value is exactly known. 

Neither the original nor the modified apparatus 
is suitable for the determination of the heating value 
of non-coking coals, anthracite, etc. These coals 
ignite wijh difficulty and are incompletely burnt. 
A sample of coal from the colliery at Umaria, 
Central Provinces, did not ignite at all. The heating 
■value of such, coals can be determined only with the 
‘bomb’ calorimeter. 

Even with coals that readily ignite, the heating 
values obtained with the Lewis Thompson calorimeter 
are Wi lower than the values obtained on the same 
sample with the ‘bomb’ calorimeter. It is therefore 
usual to add 10',^ to the value obtained with the Thomp- 
son calorimeter to make it approximate to the value 
th at would.be obtained witlrthe bomb calorihaeter. 
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2 gms. of a sample of coal gave with the Lewis 
Thompson calorimeter 5*5 °C. rise, 2000 gms. of water 
were used in the calorimeter-jar. The corrected heating 

value of the Coal = 1000x5.5+-^®—^^'^ 

10 

= 5500x550 gm. cal. 

= 6050 gm. cal. 

EXPERIMENT 81. 

_ . I 

The Emerson Bomb Calorimeter.. 

Unlike the Lewis Thompson calorimeter, this 
has a wider range of usefulness in that it can be used 
with all classes of solid and liquid fuels. The essen- 
tial feature of the determination of the heating value 
with this instrument consists in burning the fuel in an 
atmosphere of oxygen conhned at a pressure of 300 lbs. 
per sq. inch in a 'bomb* or steel shell made to withstand 
a pressure of 1000 atmospheres. The ignition of the 
fuel, coal or oil, is effected by means of a wire raised 
to a glow by a current of electricity. The stirring of 
the water is done by means of an electric motor. 
Radiation losses are reduced to a minimum by resting 
the calorimetar on cork support inside a double walled 
cylindrical vessel, the annular space between the two 
walls being filled with water. 

Description of the bomb and procedure : 

The bomb or shell (Fig. 26) is made in two halves.’ 
The upper half carries two spindles at the top. At its 
lower part there is a shoulder. The lower half has 
threads cut on the outside at the top. There is a 
nut made to fit into this. When in position, this holds 
together: the two halves of the bomb gaslight. There 
is placed a circular lead gasket between the surfaces of 
contact of* the two halves whicji ensures a perfect 
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contact. The fuel is placed in a nickel cup which is 
held in a wire support. This is attached to a taper pin 
which fits into a hole at the side of the lower half of 
the shell and makes contact with a metal piece insulated 
from the bomb by fused-on enamel. One terminal 
of the fuse-wire is connected to a binding screw on 
the pin. The other terminal _is connected to a second 
taper pin passing through a second hole in the lower 
half shell. The fuse wire is so adjusted that it dips into 
the fuel without touching the nickel cup. The best plan 
is to connect the fuse wire as described and shake from 



Fig. 26 

a weighing bottle which contains the dried sample of 
coal passing through 60 mesh sieve and which has 
been exactly weighed, on to the nickel cup a quantity 
of sample judged to be about one gm. Reweigh the 
weighing bottle. Difference gives the exact quantity 
of coal transferred. 10 ml. of water are placed in the 
bomb. It is then covered with the upper half and the 
nut carefully turned by hand until it turns no more. 
At this stage a large wrench is used to tighten the nut. 
One of the spindle valves is closed. The other is opened 
only one turn and the oxygen from the oxygen cylin- 
der ^owly admited. The pressure must be ^^owed to 
liise gradually. Toq rapid 'Admission of o^gen mto 
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the bomb will blow off the fuel which will escape 
combustion. To avoid even the remotest chance of 
the solid fuel in the form of powder being blown off, 
there are two baffle-plates inside the upper cup. These 
divert the direction of flow of oxygen from the fuel-pan 
to the extreme side of the bomb. 

A current of about 1.8 amperes is necessary jfor 
sparking the wire and about .5 ampere for running 
the motor for stirrer. The leads from the source of 
current are connected, one to the taper pin inserted in- 
to the insulated hole and the other to one of the spindles. 
The whole is placed in the calorimeter vessel holding 
2000 gms. of water. The motor is started and the 
temperature noted every 30 seconds. After 5 minutes’ 
stirring, the fuel is ignited. The temperature rise is 
recorded every 30 seconds. This record is continued 
for 5 minutes after the maximum temperature is 
reached. 

The method of calculation will be clear from the 
following observations of an actual run : — 


Weight of Coal 1.000 gm. 


Time 

Temperature 

Time 

Temp. 

Time 

Temp. 

0-00 

1.300°C 

5-00 

1.325 (Fired) 9-00 

3.700 

0-30 

1.300 

5-30 

2.050 

9-30 

3.700 

1-00 

1.300 

6-00 

3.050 

10-00 

3.700 

1-30 

1.300 

6-30 

3.420 

10-30 

3.700 

2-00 

1.305 

7-00 

3.570 

11-00 

3.695 

2-30 

1.310 

‘7-30 

3.650 

11-30 

3.695 

3-00 

1.410 

8-00 

3.690 

12-00 

3.690 

3-30 

1.315 

8-30 

3.700 

12-30 

2.690 

4-00 

1 320 


( Maximum 

13-00 

3.690 

4-30 

1.320 


Temp. ) 

13-30 

3 690 

Apparept rise in 

temperature 

= 3.700- 

- 1.325 


.2.375oa 
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Rate of diange of temperature before firing 

= y-25^-ooo5«c. 

Rate of change of temp, after reaching the maximum 

temp. C. 


Mean rate of change of temp, during run = 

2 

-.+OOOI 50 C 

Total cooling correction =• ( Time Max. temp, reached 

minus Time of firing ) xO'0015 
= ( 8-30-5-00 ) X -001 50 c. 

= 3-5 X -0015 - 0 005®C. 

Corrected rise of temperature =2-375 — -005 =2-370®C. 
The water- equivalent of the bomb, calorimeter can, etc. 

=434 gms. 

The calorific value ( without correcting for H 3 SO, 
+ HNOa ) -2444 X 2-37 = 5798 gm. cal. 

The water-equivalent of the bomb, calorimeter can, 
etc. is ascertained by making a determination with a 
fuel of known calorific value. Pure cane-sugar, ben- 
zoic acid or naphthalene is used for the purpose. Assu- 
ming that the above temp, data were obtained using 
2000 gms. of water in the calorimeter, 10 gms. of water 
in the bomb, and with a weight of 0-9136 gms. of 
benzoic acid as the standard combustible, then the 
water-equivalent will be given by the equation. 

( 2010-t-w ) 2-37 = the number of gm. cal. obtained 
from 0.9136 gm. of benzoic acid. 

The calorific power of 1 gm. of benzoic acid is 
6320 gm. cal. 

Correction for the formation of H,SO^ and HNO, : — • 
In the methods of firing coal, as practised., in indu* 
strial establishment, the sulphur pmsent in it is burnt 
58 • . • . * 
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to SOg. The heat of formation of SOg per formula 
weiglit is 69,000 gm. cal. In the bomb calorimeter, the 
sulphur gets burnt to SO, which then dissolves in the 
water present in the bomb forming HjSO,. The heat 
of combustion and the heat of solution, per formula 
weight of SOg, is 140, 740 gm. cal. The difference in 

the heating value per gm. of sulphur is 7 . 19 . 

=2242 calories. 

Heat of formation of nitrogen pentoxide and the 
solution of this in infinite volume of water evolve 
— 1200+29797 ( i. e. ) 28,697 gm. cal. Two formula 
weights of HNO, or 20,000 ml. O’lN^HNOg evolve 28, 
697 gm. cal. Hence the formation of 1 ml. O.lJV-HNOg 
corresponds to 1*43 gm. cal. 

The bomb washings are titrated with 0.1 N-NagCOg 
using methyl orange as indicator. The solution is 
treated with 2 ml. of cone. HCl, boiled and to the 
boiling solution is added 10 ml. of a boiling hot BaClg 
solution. (10^ strong ). The precipitate of BaSO, is 
allowed to settle for 12 hrs., filtered, washed, cooled 
and weighed. From the weight of BaSO^, S is calcul- 
ated. From this the number of ml. of 0*1 iV-H 3 S 04 
that can be obtained is calculated. This number is 
subtracted from the number of ml. of OT IV-NajCOj used. 
The number so obtained represents the number of 0*1 
TSl-HNOa formed by the combusion of the nitrogen 
present in the air in the bomb and the nitrogen pre- 
sent in the coal sample. Assuming that 0.32^ S is 
present in the coal, the number of ml. of O'lN-HgSO^ 
corresponding to the sulphur present in 1 gm. sample 
taken for combustion equals 2’0, If the total volume of 0.1 
N-NaaCOg used for the titration of the acids is 3*7 ml., 
the volume ofHJ^Og formed is 1.7 ml. of 0*1 N-HNOg. 
The hcat^pvolved during the fotmatiem of this volume 
oi HNO, eqmris 1,7x1 '43, *i.e., 2.4 gm. cal,-. 
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The heat evolved, due to the fotmation of 
from 0.0032 gm. sulphur, equals 7.2 gm. cal. 

Hence the total deduction is 7.2+2.4 or 9*6 gm. cal. 

The calorific value of the; coal tested is 6768-9.6, 
i.e., 5758.4 gm. cal. 

Notes: — - 

( 1 ) In the case of fuel oils, the ignition wire does 
not dip into the oil but a strip of filter-paper 4-5 mm. 
wide, folded into the form of a triangle, is bent double 
on the wire so that the two ends dip into the oil. The 
paper is weighed accurately and allowance is made for 
the calorific value of this along with the allowance to 
be made for the formation of H 3 SO 4 and HNO 3 as 
shown above. A pressure of 25 atmospheres per sq. 
inch ( of oxygen ) is required in the combustion of oils. 
The calorific value of paper ( Cellulose ) per gm. is 
4190 gm. calories. The following are the allowances 
to be made in respect of ignition wire, per gm 
Material of the wire gm. cals. 

Iron 1600 

Nickel 985. 

The usual pracice is to use a 3 inch to 5 inch long 
wire. The length of wire, left after combustion is 
measured off. Knowing the weight per inch of wire, 
allowance is made for the heat resulting from the length 
of wire burnt. Owing to the easy volatility of petrol, 
it must not be weighed out into the silica crucible. 
Gelatine capsule with cover supplied for the purpose 
is filled with petrol and weighed. This is then fired. 
On account of the non-uniformity of the gelatine 
capsules and the uncertainty thecefore of their calorific 
values, no exact deduction can be made from the total 
heat obtained. Apart from this difficulty th^e is the 
fear of accidents froni violenf e:q>losions. it is therefms 
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advisable to determine the calotiHc value of petrol by 
combustion of the oil in a special type of burlier, using 
the Junker calorimeter. See Expt. 83. 

The quantity of petrol burnt is ascertained by 
weighing the lamp before and after an experiment. 
At least 10 gms. of the oil should be burnt. 

(2) The following are the calorific values of ^he 

standard combustibles in use : — ' 

Cane-sugar 3950 gm. cal. 

Benzoic Acid 6220 „ 

Naphthalene 9710 „ 

(3) The calorimeter fitted with the Mahler-Krocker 
bomb is in more common use in this country. Fig. 27. 
Unlike the Emerson outfit, this type is supplied with a 
screw press in which the sample of coal is compressed to 
form a pellet, the middle portion of the nickel ignition 



Fig. 27. 

wire forming part of the pellet. This is weighed and 
transferred to a small silica crucible which is placed in 
position ofi its support (one of the) electrodes^ These 
are of pladniim, one a stoht wire and the ojther a tube 
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of about 2.3 mm. bore. This tube reaches to within two 
inches of the bottom of the bomb and communicates 
with the spindle serving for the admission of oxygen 
from the oxygen cylinder. As the oxygen enters the 
bomb via the platinum tube and at a point below the 
silica crucible containing the pellet, the chances of any 
particles of coal being blown off to the bottom ot 
the bomb are minimised. The admission of oxygen 
must always be made through this tube and not by the 
use of the spindle meant for the discharge of oxygen 
surplus and combustion products. The free ends of 
the nickel wire are attached to the electrodes, one end 
to each. One other point of difference from the Emer- 
son type of bomb consists in the fact that the stirrer is 
hand-operated, though a motor for running the stirrer 
can be added, A stirrer is moved up and down in the 
Mahler-Krocker type whereas in the Emerson type, the 
water in the calorimeter is drawn up and discharged 
from above without splashing any water outside the 
calorimeter. • 

With a view to use the pressure gauge forming part 
of the Emerson outfit, with the Mahler-Krocker type 
of bomb calorimeter, the threaded and one-holed brass 
attachment ‘A’ which takes the place of the threaded 
nut closing the inlet valve, is screwed into position, 
tightened with a 2 inch long wrench and then the bomb 
is eoimected with the oxygen cylinder through tKe 
pressure-gauge. A small leather washer, moistened with 
a drop of water, prevents the leakage of oxygen during 
the filling of the bomb. A 3 inch long and | inch 
diameter rod, nickel-plated, serves to open and close 
the spindles for the admission of oxygen and.,the disdi- 
arge eff the |>roducts bf cpmlmstion.. As in' the Emer^t^ 
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bomb, only one turn of the spindle is nedbssaty 
whether for admission or discharge of gas. Quick 
manipulation is necessary when the pressure of 300 lbs. 
has been indicated. 

The oxygen cylinder valve is closed first and then 
immediately the spindle valve on the bomb. This is 
then detached from the pressure gauge, the attachment 
‘A* to the bomb removed, the normal nut put in tts 
place on the bomb, and the whole then introduced intb 
the calorimeter. The current necessary for ignition of 
the fuse wire is about 1.8 amperes. Further manipula- 
tions are from this point the same as with the Emerson 
bomb, ' 

The following modified method of correction for 
radiation losses is reproduced in full from Rec. Geo. 
Survey of India, Vol. LXIII, Part II, because of the 
stress laid by the Indian Coal Grading Board on the 
uniformity of methods of testing coal. 


Time 

minutes 

0 

1 

2 

3 

4 

5 


Coal ignited 

6 

7 • 


Temperature 

"C. 

1.601 

1.603 

1.607 

1.610 

1.612 

1.620 


1.880 
2.770 
3.190 
* 3.302 \ 
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71 

3.350 

8 

3.360 

H 

3.367 

9 

3.368 ( Maximun ) 

10 

3.360 

11 

3.348 

12 

3.335 

13 

3.320 

14 

3.302 

15 

3.290 


In the first period of five minutes the temperature 
rises from 1.601oC. to 1.620°C. giving an average of 
0.0038OC. per minute. As the correction is made for 
cooling this is taken as a cooling rate of 0.0038°C. at 
the temperature of 1.61°C., i.e., the average of the two 
extremes. Similarly the cooling rate in the final period 
of five minutes is 0.0140®C. at the temperature of 
3.325°C. ( i.e., the mean of 3.360‘>C. and 3.290®C. ). 
During each of these periods of five minutes the rate of 
cooling is taken as constant, while for the intermediate 
temperatures the rate of cooling is taken from a graph. 
The graph, as shown below, is a straight line drawn 
between two points representing the two rates of 
cooling just calculated. 

The rate of cooling taken for each minute is that 
corresponding to the observed temperature at the half- 
minute. Thus during the sixth minute the observed 
temperature rises from 1.620°C. to 2.770oC and the 
diective mean is taken as 1.880°C., which is tl^ 
observed tepaperaturd at Ainutes. 
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The following cottecdons ate thus made : 


Time Observed Correction for Total Corrected 
minutes temperature one minute correction temperature 

oC. OQ oQ oQ 


0 

1.601 

nil 

nil. 

1.6010 

1 

1.603 

-0,0038 

-0.0076 

1.5994 

2 

1.607 

-0.0038 

-0.0376 

1.5994 

3 

1.610 

-0.0038 

-0.0114 

1.59^ 

4 

1.612 

-0.0038 

-0.0152 

1.5598 

5 

1.620 

-0.0038 

-0.0190 

1.6010 

6 

1.880(at5i-)-0.001 

-0.020 

• . • 

7 

3.190(at6^) 

-0.0125 

-0.0075 

• • « 

8 

3.350(at7^)-0.0140 

-0.0065 

• • • 

9 

3.367(at8^)-0.0140 

0.0205 

• • • 

10 

3.360. 

0.0140 

0.0345 

3.3945 

11 

3.348 

0.0140 

0.0485 

3.3965 

12 

3.335 

0.0140 

0.0625 

3.3975 

13 

3.320 

0.0140 

0.0765 

3.3965 

14 

3.302 

0.0140 

,0.0905 

3.3925 

15 

3.290 

0.0140 

0.1045 

3.3945 


The object of applying the cooling correction is to 
eliminate any errors arising from heat entering or leaving 
the calorimeter and, therefore, if the temperature at each 
point could be determined with complete accuracy, it is 
evident the six inidal temperatures calulated would- all 
be identical, as would also the six final temperatures. 
Actually they are not identical giving some measure of 
the error inherent in reading the thermometer. The 
error is, however, reduced by talcing the mean of 
series of temperatures so that the system of corret^on 
serves a double purpose. The calorific value is 
calculated as foUowa i — • ' 
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Mean of corrected final temperatures = 3.3953° C. 
Mean of corrected initial temperatures = 1.5993° C. 

Rise i77960° C. 

Weight of coal 0.884 gramme 

Weight of water 2.500 grammes 

Water equivalent 780 grammes 

Total weight of water 3.280 grammes 

Calorific value 3.280x1.796 gm. cal. 

0.884 

=6,665 gram calories. 

If the calorific value were determined without taking 
into consideration the cooling correction, it would be 
6,486 gm. cal. 

4. The thermometer in use for this purpose is the 
Beckmann thermometer. The scale extends over 6oC. 
and the position of the mercury on the scale can be 
adjusted by removing from the bulb or adding to it 
small quantities of mercury. For this purpose a device 
is contained in the top of the thermometer, consisting in 
effect of an enlarged portion of the capillary bore of the 
thermometer. If the thermometer bulb is warmed, 
mercury flows into this space ; and if the thermometer 
is inverted and tapped, the thread is broken off at this 
point and on cooling, the thread retracts and the bulb 
contains less mercury than it did before. Conversely, 
if the thermometer is set upright and the bulb allowed 
I to cool, after joining up by warming with the thread 
in the reservoir more mercury flows into the bulb from 
the reservoir. The thermometer, therefore, although of 
short range, can be used for any ordinary temperature. 
The readings recorded, however, are arbitrary and have 
no relation to actual centigrade degrees in the absolute 
sense, although a difference of one degree is approxi- 
mately the as a difference of one degree in the 
centigrade acafe proper, * 

59 
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5. When the pressure of oxygen from a cylinder 
which has been in continuous use is not high enough 
to permit filling the bomb at the specified pressures 
ranging from 300 to 375 lbs. per sq inch, the practice 
is to fill the bomb first with oxygen from the low pre- 
ssure cylinder and then from the high pressure cylinder, 
^his leads to economy in the use of gas. The p[re-war 
price per c. ft. of gas at N. T. P. was annas four. 

' I 

6. No parts of the bodib are to be greased or piled. 

7. One of the connecting wires forming part of the 
electric circuit for ignition of the fuse- wire is connected 
to a terminal binding post insulated from the bomb by 
fused-on enamel. The other wire is connected to a 
second binding post. In this way short circuiting and 
failure of ignition is guarded against. 

8. The readings of the thermometer are taken with 
a magnifying glass. 

EXPERIMENT 82. 

Determination of Phosphorus in Coal ash. 
Principle ; — 

This is the same as that underlying the determination 
of this element in iron or steel. Coal ash consists of the 
silicates and phosphates of calcium, aluminium and 
titanium. SiOj is eliminated by treatment with HF and 
HNO,. The titanium in the residue is el im inated by 
fusion with NajCO,. The fused mass is treated with water 
and filtered. The filtrate contains all the phosphorus. 
This is acidified with HNO, andtreated with (NH<)gMoO<. 
The ppte. of phosphomolybdate is filtered o£F and 
titrated with 0.1 N — NaOH Solution. Sec Expt. 16. 

A^h 5 gms. of coal in a platinum basin in a muiBe 
furnace at 750° to 800'’C. Coot. Add 10*|hl. cone. HNOj 
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and 5 ml. HF. Repeat evaporation to dryness with 5 ml. 
more of cone. HNOg. Ignite gently. Fuse the residue 
with 3—4 gms. of NagCOj. Extract the melt with water, 
and transfer to a 1 50 ml. evaporating basin. Heat the 
extract to 90° -95° C. Filter. Wash with IZ NagCOg 
solution and finally with water. To the filtrate add cone. 
HNOg until acid and then 10 ml. more. Add 50 ml. 
of ammonium molybdate ( Johnson’s reagent ) and 
finish as in Experiment 16. 

Notes : — 

( 1 ) When the % TiO, is high in the ash, it is 
necessary, for very great accuracy, to fuse the residue 
obtained by filtering oflF the melted extract with NajCO, 
a second time and adding the filtered extract to the first 
portion and^then proceed to the precipitation as phqs- 
phomolybdate. In a sample of coal used for coke mak- 
ing the ash contained 0.76% P and 1.36% TiO,. 

( 2 ) Fusion with NagCOg yields NajPO< and 
Na^TiO^. Of these the former is soluble in water 
whereas the latter changes to Nag TiOg, when the tem- 
perature is raised to 90-95° C. and becomes insoluble. 

( 3 ) Vanadium has a retarding action and is 
precipitated along with the phosphorus. Its presence is 
detected by the formation of a reddish-brown colour 
with Hg^^g. To test for its presence proceed as follows: — 

Fuse about 0.1 — 0.2 gm of the ash with 2 
gms. of NagCOg and 0.1 gm of KNO, in a 
platinum crucible. Leach with hot distilled water. 
Nearly neutralize with dil. HNOg (s. g. 1.2) and eva- 
porate to dryness. Treat the residue with hot water, 
filter, acidify the filtrate with dil. HgSO^. Cool, and 
add 2-3 ml. of HjOg. A reddish-brown colour shows 
the presence of vanadium. If it is present, its interfer- 
ence can be entirely ^vented by the addinon of 40 
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ml. of cone. HNOj priot to the addition of 50 ml. of 
Johnson’s reagent. See Expts. 14,16 and 17. The 
precipitate of ammonium phosphomolybdate must be 
washed free of nitric acid with a 1% solution of KNO, 
a 4 id the alkalimetric titration then adopted. 

EXPERIMENT 83. 

Determination of Nitrogen in Coal. 
Principle : — 

When a sample of coal is heated with cone. HaSO^, 
all the nitrogen in the substance is converted into sto- 
monium sulphate. This is estimated by pouring into 
the mixture caustic soda solution, distilling off the am- 
monia and absorbing the same in a measured excess of 
standard sulphuric acid. The excess is titrated. The 
volume of the acid used is a measure of the amount of 
ammonia and therefore of nitrogen in the sample. 

Procedure : — 

Weigh 1 gm. of the coal sample ground to pass 
through a 100 mesh I. M. M. sieve into a 500 ml. 
Kjeldahl flask. Add 30 ml. cone. H,S 04 , 5-8 gms. 
KjSO^ and 0.6 gm. (one small globule) of mercury. 
Boil until colourless (2-3 hours). Allow to cool. Add 
a few small crystals of KMnO^. Boil for 1 hour more. 
Cool. Pour into a 750 ml. round-bottomed flask con- 
taining 100 ml. water. Wash 3 or 4 times with water 
and transfer to the round-bottomed flask. Introduce 
25 ml. of a solution of K^S, containing 40 gms. of the 
solid to the litre, to precipitate the mercury in the 
mercuric sulphate as HgS. Next add 75-100 ml. of a 
strong solution of caustic soda (50%), Introduce pow- 
dered pumice about gm. and connect as diown in 
^5.b. (p, 2.07) The e^fiOMyer SQjgiL 0.1 
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2V-H,SOj. Distil until about 200 ml. distil over. Titmte 
the excess of HjSO, against 0. 1 N-NaOH using methyl 
otange as indicator. 

Notes : — 

(1) The oxidation of the organic matters of the 
coal substance is helped by the introduction of mercury. 
Mercuric sulphate is formed by the action of cone. 
HaS 04 at the boiling temperature of mercury. This is 
reduced to mercurous sulphate by the carbonaceous 
matter. . This again passes into mercuric sulphate by 
the oxygen liberated from the reaction mixture. The 
cyclic process of oxidation and reduction continues un- 
til all the coal is oxidised. The Fuel Research Board, 
England, recommends the use of mercuric oxide. It 
does not advise the addition of KMnOi, but it recom- 
mends boiling the solution 2 hours after it becomes 
colourless. 

(2) The addition of KjSO^ has the effect of raising 
the boiling point of the reaction mixture, at which 
temperature the oxidation of the coal substance takes 
place more quickly. 

(3) If the catalytic mercury is not removed as sul- 
phide by the introduction of KjS, it will combine with 
NHj which is liberated on the subsequent addition of 
NaOH. The ammonia combining with mercury forms 
compounds which are not decomposed by NaOH and 
will not therefore be estimated. 

(4) It is important that no NaOH is carried over 
into R during distillation either as splash or mechani- 
cally. The use of the splash head prevents this very 
effectively. Zinc dust (1 gm.) may be substituted for 
pumice powder to prevent ‘bumping’ during distaUar 
tion. 

<^) substituting puie.ig^ 



sugat for the coal sample, gives the data necessary to 
supply a correction for nitrogen compounds in the 
reagents used. 

(6) When selenium is used as a catalyst in place 
of mercury, the conversion of nitrogen into ammonium 
sulphate is accomplished in about half the time. The 
details of the process using selenium are the same , as 
above except that KjS is omitted. 

EXPERIMENT 84. 

Ultimate Analysis of Coal. 

Determination of Carbon and Hydrogen. 
Principle : — 

As in the analysis of organic substances, the deter- 
mination of carbon and hydrogen in coal is carried out 
by the oxidation of these elements into COj and HgO 
respectively and the absorption of the same in suitable 
- media, KOH solution for the former and anhydrous Ca 
Clj for the latter. The tubes containing these reagents 
are weighed before and after an experiment. The oxi- 
dation is effected by passing a current of oxygen over 
the heated material in a combustion tube. The tem- 
perature at which oxidation takes place is 800 850®C. 
As the volatile mattpr liberated from coal at that temp. 
,is evolved rapidly and is likely to be carried off to zones 
of the combustion tube where the temp, is not high 
enough to bum the hydfocarbon gases and hydrogen, 
a layer of granulated copptr oxide is kept in the zone 
where a temp, of 800 to 85^C. prevails. In its passage 
through this layer, the volatile matter gets completely 
oxidised. The £xed catbon in the coal is also converted 
into COg. ' 

General remarks : — 

Elaborate precautions have be taken to free the 
oxygen... in^ixiuced for. combustloi^ from .catboa-di< 



oxide and moisture. This is accomplished by what is 
known as the ‘purifying train’ of wash bottles cont ainin g 
KOH solution and cone. H^SO^. With a view 
to maintain the same degree of dryness in the gases 
entering the combustion tube as in the gases 
leaving the ‘absorption train* of U tubes charged with 
granular calcium chloride and caustic potash solution, 
the former train, namely, the purifying train, also 
contains U tubes charged with soda lime and granular 
calcium chloride. 

As the tubes forming the units of the absorption 
train are weighed, before the experiment, filled with air, 
it is necessary to weigh the same, after an experiment, 
filled with air and not oxygen. This necessity arises 
from the fact that the U tubes will have each a volume 
of about 50 ml. and the increase in weight of the same 
when filled with oxygen will be about 0.01 gm more 
than when filled with air. This increase will intro- 
duce an error of about 10-15% in the hydrogen, and of 
about 2—5% in the carbon determination. The purifying 
train must therefore consist of a duplicate series of 
wash-bottles charged with KOH, cone. HgSO^, and 
granular calcium chloride in order to dry the air which 
is introduced into the combustion tube, on completion 
of the combustion using oxygen. 

Apparatus : — 

The combustion is eflFected in a hard glass or 
silica tube. The tube is heated in a furnace heated by 
gas or electricity. On account of ease of manipulation, 
electric furnace is more commonly used. This consists 
of three sections each with its own resistance coil and 
rheostat. The dimensions of the tube, the three sections 
pf th^ futn^ce^ tl}e frame on which they are supported 
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and can be moved, ate shown in Fig. 28. The charge 
in the tube beginning at the end connected to the 
purifying train is approximately as fellows : — 

5 cm.' space. 


10 cm. oxidised copper 
gauze spiral through which 
passes a stout copper wire 
provided with a loop for 
convenience in withdrawal. 

10 cm. space for boat. 

45 cm. of granular cop- 
per oxide held in position 
by rolls of oxidised copper 
gauze 1 cm. long. 

10 cm. of fused granular 
lead chromate followed by 
a roll of oxidised copper 
gauze freshly reduced 1 cm. 
long. 



B c/v> 

S cm StLV£fi SP/t!AL 

10 cm russo lbao CfffiOAjArt 
1 cm OAurr 

r 

GFiANULf^i* COPPi or‘’' 

I cm COPPMP BAUZS. 

10 cm SPAce pop BO/,r. 

10 cm. COPPER QAUZC SPin • t 
5 cm SPACP. 


5 cm. silver spiral. Fig. 28. 

8 cm. space. 



, Fig. 28. 

Tlie purifying train is made" up of fiwo Vash . bott les 
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one of which is charged with KOH solution ( one 
part by weight of the sticks in one part by .weight of 
water ) and the other with cone. followed by 

U tubes charged with soda lime and granular calcium 
chloride. Two such trains, connected to the combus- 
tion tube by a three-way tap or a similar device permit 
of the use of dry oxygen or air as required. 

The three-way tap is connected to the combustion 
tube by indiarubber tubing attached to a glass tube of 
1^-2 mm. bore passing through a w’ell-fitting rubber 
stopper. 

The absorption train, which is connected directly to 
the other end of the combustion tube by a well-fitting 
rubber stopper consists, in the order named, of ( a ) a 
U tube charged with granular CaClj and ( b ) potash 
bulbs, containing an aqueous solution of KOH ( 1 part 
by weight of the solid in 1 part by weight of water ), 
and fitted with a small side tube charged with granular 
calcium chloride. 

Before use, the combustion tube is heated in a 
current of oxygen, maintaining the copper oxide at a 
temp, not below 800°C. and the lead chromate at a 
dull red heat ( 600-650® C. ) ; if the change in weight 
of the calcium chloride tube and potash bulbs at the end 
of half an hour does not exceed 0*0005 gm., the appa- 
ratus may be considered to be in proper condition. The 
oxygen in the tubes should be displaced by air and the 
weighing then made. 

The quantity of the finedy powdered coal used is 
0*2-0*3 gm. spread evenly over the bottom of a porce- 
lain or ’silica boat about 8 cm. long. 

The ash remaining in the boat at the end of an 
experiment should be examined carefully to ascertain 
whether any earbon has escaped combustion. 

60 ‘ ' 
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Notes : — 

( 1 ) The Absorption tube for Moisture. — 

As the granular calcium chloride will absorb carbon 
di oxide in addition to water vapour, it should be satu- 
rated with the gas and subsequently freed from 
the excess of the same before using, by passing a 
current of dry air through it. The poweij to 
absorb COj arises from the fact that in the 
preparation of the anhjdrous form, the substance is 
heated to about 800°C. at which temp, a slight decom- 
position takes place with the formation of CaO which 
absorbs COg. 

(2) The Absorption Apparatus for Carbon dioxide. — ■ 

Instead of potash bulbs, U tubes charged with 
freshly prepared soda-lime may be used for absorbing 
the carbon dioxide. Sodalime is prepared by slaking 
Hme with a solution of sodium hydroxide ( 50% ) and 
heating the slaked product to about 420oC. The mass 
clots up. This is cooled, broken up and sieved. 

( 3 ) The results for carbon will be inaccurate if 
the determination of any carbonates present in coal is 
not made and allowed for. 

(4) Water of constitution in Inorganic constituents. — 

The results for hydrogen will be inaccurate on acc- 
ount of the fact that the water of constitution present 
in the inorganic constituents is expelled at the temp, 
employed for combustion. No reliable method exists 
for its determination. However an approximate correc- 
tion can be made if the quantitative composition' of the 
ash is known. 

( 5 ) To ensure complete combustion, the tempera- 
ture of the jcopper oxide'^hpuld uot fall below 800°C. 
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( 6 ) The oxidised and freshly reduced copper 
gauze inserted after the layer of fused lead chromate 
is for the purpose of reducing oxides of nitrogen to 
nitrogen. If this is not done, the results for carbon will 
be high. The copper gauze at the back end of the 
combustion tube, i.e., the end near the purifying train^ 
is for preventing any volatile products from diffusing 

into the soda-lime and CaCL U tubes. 

• ^ 

( 7 ) The lead chromate serves to oxidise SO3 to 
SOg .and to fix the same as leid sulphare. If the temp, 
in the region of the lead chromate exceeds 650°C., SO, 
will pass off unabsorbed. 

( 8 ) The silver spiral is for combining with any 
chlorine that may be liberated. 

( 9 ) The layer of copper oxide serves to help the' 
complete combustion of the volatile matter evolved 
from coal. 

( 10 ) The originator of the method for Ae analy- 
sis of organic substances is Liebig. His method has 
been applied to the analysis of coal also. It has been 
modified by Dennstedt. The chief features.* of the 
modified method lie in the employment of: — 



Fig. 28 a. 
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( a ) Two streams of oxygen, ac- 
complished by the use of the apparatus 
shown in Fig. 28 a ; these two ate known 
as the ‘Vaporising stream’ and the ‘Com- 
bustion stream’. The former carries for- 
ward the volatile matter from the coal to 
a platinum contact star (Fig. 28 b.) and the 
latter effects the combustion of this • 

matter in the presence of the platinum 
catalyst. 

( b ) A mixture of lead peroxide and 
minium in porcelain boats in place of the 
fused lead chromate in the combustion 
tube itself. This modification serves to 
increase the life of the latter. 

Fig. 28 b. 

( c ) A wash-bottle containing palladious chloride 
solution at the end of the absorption train. This serves 
to reveal the presence of carbon monoxide by the for- 
mation of a cloudiness. If this is noticed, the determi- 
nation must be repeated employing a higher temperature 
in the furnace in the region of 'the contact star, i. e. 
the combustion zone. 

(11) A desirable rate of passing the gas will be 
2-3 bubbles per second. $ 

( 12 ) In charging the wash-bottles with cone. 
HsSOj and KOH solution, care should be taken not to 
bring them into contact with the neck of the bottles. 
If any is brought, it should be wiped off first 'with a 
damp cloth, next with a dry cloth and finally greased 
with vaseh'ne. If these precautions are not taken, tlie 
stoppers**wiU seize the nieck and it will be, impossible to 
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remove them without breaking them; These precau- 
tions should also be observed in emptying them prior 
to recharging. 

( 13 ) The apparatus should be tested for air tight- 
ness before an analysis is undertaken. This is carried 
out by slipping a piece of rubber tubing on to the 
guard tube at the end of the absorption train and clo- 
sing it by m^ans of a pinch clamp as a stream of oxygen 
is passing through the wash-bottles of the purifying 
train. Air tightness is indicated by no bubbles passing 
through the potash bulbs. 

( 14 ) The oxygen source is from a Pepys’ gas- 
holder, which in turn has been filled with oxygen from 
a cylinder of the compressed gas. For method of 
filling the gas-holder, see Expt. 24. The pressure in the 
holder must be such that gas will be drawn in by means 
of the aspirator bottle at the rate of 2-3 bubbles per 
second through the potash bulbs of the absorption train. 
The screw-clip on the aspirator bottle must be adjusted 
to give this rate of bubbling. 

( 15 ) When not in use, the absorption train units 
must be plugged up by means of glass rods inserted 
into short lengths of rubber tubing, to prevent the 
spoiling of the reagents. 

( 16 ) The increase in weight of the calcium chloride 
U tube ( known as the Marchand tube ) represents the 
weight of water formed from which the hydrogen con- 
tent of the coal sample is calculated. The increase in 
wei^t of the potash bulbs (the Geissler bulbs or the U 
tube ) represents the weight of CO 3 from which the 
carbon content is calculated. 

(17 ) On account of tl^e resistance offered by the 
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packing in the combustion tube to the passage of oxy- 
gen or air, the aspirator bottle is necessary Passing oxy- 
gen directly from a cylinder of the compressed gas will 
lead to mechanical loss of particles and the carrying of the 
same from one unit of the absorption train to another 
and thus vitiate the results. 

(18) In America, the Fleming tube charged w^th 
‘ascarite’ for the absorption of COj is in extended use. 
When this tube is used, oxygen from a cylinder of the 
compressed gas may be passed through the combustion 
tube after attachment of die regulating and reducing 
valve to reduce the pressure to a rate of bubbling of 
2-3 bubbles per second through the wash-bottles of the 
purifying train. 

(19) As no satisfactory direct method for the de- 
termination of oxygen is available, it is obtained by 
difference. The percentages of the other constituents 
are added up and subtracted from 100. 

EXPERIMENT 85. 

Determination of the Caking Index. 
Definition : — 

The Caking Index of coal is the number of gms. of 
sand, electrode carbon or other inert material that can 
be bound together by one gram of coal to a coherent 
mass which will bear a 500-gram weight without crush- 
ing. The percentage of uncemented loose powder 
should not be more than 5, when the coherent mass 
stands the 500-gm. weight. This test is known as the 
Campredon test, though the original method dup to 
Campredon has been modified. 

Procedure : — 

Weigh -the requisite qt^tities finely powdeted 
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coal and sand to give exactly 25 gms. of a mixture, 
having the two ingredients in the desired proportions, 
in a tared, stoppered, cylindrical weighing bottle. Mix 
thoroughly and transfer the mixture to the crucible; 
rotating the bottle continuously during the process to 
prevent separation of the constituents of the mixture. 

Place the charged, covered crucible on a platinum 
or nichrome wire triangle, so adiusted that the bottom 
of the crucible is at a distance of 1 cm. above the top 
of the Meker burner, heat the crucible for 7 minutes in 
the full flame and allow it to cool. 

Place a smooth cork on the surface of the coked 
mass, lay on the top of the coik a tared, shallow 
porcelain dish, bottom up, and invert the whole arran- 
gement. Remove the crucible carefully, place the coked 
mass on a level surface and lower the 500-gram 
weight gently upon it. Weigh the powder which 
remains in the porcelain dish. 

Notes : — 

To obtain results which are fairly concordant when 
working on the same sample of coal, compliance with 
the following conditions is necessary : — 

(a) the size of the crucible should be the same ; 

(b) the temperature at the bottom of the crucible 
should be lOOO'^C. ; 

(c) and the sand to be used should pass through a 
40 mesh sieve and be retained on a 50 mesh sieve. 

Condition (b) is secured by the employment of 
Meker burner No. 4, diameter of grid being 3 cms. 

9 

EXPERIMENT 86. 

Laboratory Carbonisation Assay of Coal. 

The ordinary laboratory, methods of ^rdkimatc and 
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ultimate analysis of coal supply no direct information 
as to the quality and quantity of the gaseous and liquid 
products of carbonisation, as to the rate of evolution 
of these products at different temperatures, or as to the 
influence of temperature and time of carbonisation on 
the qualities of the resulting coke. 

When such information in regard to a coal' is 
required the following methods for the assay of coal 
have beed recommended by the Fuel Research Board, 
England : — • 

1. the Gray-King apparatus ; 
and 2. the Lessing apparatus. 

Description of the Gray-King Apparatus : — 

The assembled Gray-BCing apparatus is represented 
diagrammatically in Fig. 29 and scale drawings of 
certain of the parts are shown in Fig. 30. This is suit- 
able for the examination of the products of coal car- 
bonisation at temperatures of about 600®C. 
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The furnace ‘A’ may be gas fired, but is, more con- 
veniently, a nichrome-wound electric furnace, giving a 
uniformly heated space at least 15 cms. long at the 
centre ; the temperature is regulated with a thermo- 
couple, the junction of which is in contact with the 
outside of the retort tube at the middle of the furnace. 

The hard glass or silica tube ‘B’ is approximately 30 
cms. long and has a diameter of about 2 cms ; the 
short side-tube of about 8 mm. diameter, is sealed in 
at a distance of about 2 cm. from the open end, which 
is closed by a rubber stopper. The tube should be 
smooth and of uniform bore, or may preferably have a 
slight taper, so that it is slightly wider at the open end. 

The U tube ‘C’, which acts as a condenser and may 
be externally cooled, has an extension with a capacity 
of at least 5 ml. for the collection of the liquid 
products. 

The tube ‘D*, of diameter 2 or 3 cm. by 15 cm. 
long is charged with glass beads drenched with sulphu- 
ric add. for the absorption o> ammonia. . 

61 
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The gasholder ‘E’ filled either with a mixture of equal 
volumes of glycerine and water or with an almost satu- 
rated aqueous solution of magnesium chloride or with 
water saturated with the coal gas from a previous ex- 
periment, is connected to a glass resevoir ‘G’ by means 
of a rubber tube ; this reservoir is suspended by a cord 
passing over a pulley and counterbalanced by a g^ass 
vessel containing lead shot. As gas enters ‘E’, !the 
displaced liquid passes into ‘J’ and overflows into the 
tank ‘K’ in which the counterpoise ‘J’ floats. If ‘E* ahd 
‘K’ have the same diameter, a fall of level in thie former 
causes an equal rise in the latter, and the movement of 
the float *y lowers ‘G’ to the same extent, thus main- 
taining automatically a constant pressure in the gas hold- 
er. By adjustment of the vessel ‘K’ or of the pulley, 
at the beginning of the experiment, so that the level in 
‘G’ is below that of the liquid in ‘E’, any desired diffe- 
rence of level may be maintained steadily throughout 
the test, provided that the connecting tube is of suffici- 
ent diameter to allow the liquid to pass freely from ‘E’ 
to ‘G'. 

Method of Operation : — 

The coal sample is ground to pass through a 60 
mesh I.M.M. sieve and is dried, in an inert gas if 
necessary, at 105-1 10®C. The gas holder is charged 
with liquid up to the level of the bottom of the rubber 
stopper, the reservoir ‘G’ is adjusted so that the top of 
the overflow tube is about 1 cm. below the level of the 
liquid in ‘E* and the clean dry U tube ‘C’ is weighed 
and attached as shown in the figure. The tube ‘B’, 
together with a small quantity of previously ignited 
asbestos wool for use as a plug, is weighed to the near- 
est cfflitigram and is charged with 20 gms. of dry 
coal, spread out in an even layer occupying about two- 
thirds of the ^ameter of the tube^ and held in position 
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by the asbestos, which is inserted as a loose flattened 
plug to allow of the free passage of gas. The charged 
tube is then connected to ‘C’ by means of a rubber 
stopper, and clamped into position with a slight for- 
ward slope. The furnace, previously heated to SOO^C., 
is then pushed forward into the position shown. 

As soon as the evolution of expanded ait and of gas 
occluded by the coal stops, the temp, of the furnace is 
gradually raised by cuttmg out resistance in the exter- 
nal circuit so that the ultimate temp., 550®C. or 600“C., 
is reached at the end of an hour. During this period, 
observations are made of the temperatures at which oil 
appears and at which the gas evolution commences. 

Heating at the final temp, is continued during an 
hour, at the end of which time the rate of evolution of 
gas has fallen so low that further heating gives a negli- 
gible addition to the volume ; the furnace is now with- 
drawn, the tube ‘B’ is allowed to cool, the pressure 
shown on ‘F’ is adjusted to zero, the stopcocks ‘L’ and 
‘M’ are closed and ‘B’ is opened. 

The yield of coke is arrived at by weighing ‘B’ 
when cold. After weighing, any tar is removed from 
the end of tube ‘B’ by means of solvents like petroleum 
ether, toluene, xylene, etc., and the tube is then re- 
weighed ; the loss of weight is reckoned as tar and 
«dded to the weight of tar collected in ‘C’. The coke 
yield is calculated from tlie weight of the cleaned tube. 

From the increase of weight of ‘C’ the total yield 
of tar and liquor is obtained. In order to obtain the 
separate yields, the contents of ‘C are washed into a 
10 ml. graduated cylinder with toluene, the volume of 
the aqueous portion measured, and then converted into 
gms. For this purpose the specific gravity of^he aque- 
ous solution is taken 9 s 1 . IPit is diificuitto obtain an. 
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accurate measurement of the volume of the aqueous 
portion, owing to the meniscus not being clearly defined, 
the contents of ‘C from a second test are washed into 
a 100 ml. distillation flask with 50 ml. of toluene, and 
the whole gently distilled until 25 ml. have been coll- 
ected in a Sutherland flask calibrated for a water-to- 
luene meniscus. The volume of the aqueous por^on 
can then readily be measured. ' 

The contents of ‘D’ are washed into a flask, miked 
with the aqueous liquor from ‘C’ from the first test, 
and distilled to give the yield of ammonia. 5 ml. of a 
50% NaOH solution should be added, before commen- 
cing the distillation in order to decompose ammonium 
compounds. A splash head should also be used as 
in Expt. 93. 

To ascertain the gas volume, water is removed 
from ‘k’ by means of a pipette and is allowed to flow 
into ‘G’ which is gradually raised till the top of the 
inlet is on the level of the liquid in ‘E’ and the liquid 
in ‘F’ is at a level gauge, any unused water being retur- 
ned to ‘K’. From the weight and the specific gravity 
of the water or solution collected in ‘K’, the volume of 
gas at the observed temp, and the prevailing atmos- 
pheric pressure ,may be calculated. 

The gas prepared in the first is generally contami- 
nated to some extent with air, and, if more than one 
experiment is carried out, the gas from the first should 
be used to displace the air from the apparatus. This 
can readily be done by driving the contents of ‘E’ 
back through the open end of ‘B'. The gas produced 
in the second test is then relatively free from air and 
may be ^sed for analysis and for the determination of 
^specific grayiiy. If only 'one test is carried ^^t, these 
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determinations may be made on this gas, but due 
correction must be made for the amount of air included, 
which amounts to 5-8^. 

The following example illustrates the method of 
reporting : — 

Yields Per 100 gm. of dry coal — 

Coke gm. 

Tar gm. 

Liquor gm. 

^jas ... •• •• gni . 

Total gm. 

Ammonia gm. 

Gas ( at 60 ®F. and 30-in. 

saturated ) ml. 

sp. gr. ( air= 1 ) 


Calculated yields per ton of dry coal. 

( Assume sp-gr. of tar and liquor as 1 ) 

Coke cwt. 

Tar ... gals. 

Liquor gals. 

Gas ( at 60°F. and 30 in saturated ) c. ft. 
Ammonia lb . 


Character of coke — 
Behaviour on distillation — 
First appearance of oil "I 
Vapour .... ) 

Start of evolution of gas. 

EXPERIMENT 87. 


deg. C. 
deg. C. 


The Lessing Apparatus. 

Description of Apparatus : — 

The apparatus consists of an electric furnace capable 
of accommodating two cylindrical quartz glass retort 
tubes with walls of uniform thickness and having 
d^nite dimensions,^ which should be stricdy ‘adhered to. 




A tube of alundum or similar material, 1 8 mm internal 
dia. by 55 mm. high with a longitudinal slit 10 mm. wide 
is used to prevent cooling of the upper portion of the 
retort, with consequent condensation of tar. This fits 
into a circular opening in the top of the furnace which 
has an extra thickness of asbestos. The tube also serves 
as a guide when the retort is introduced into the furnace. 
It should not be placed in position until just before jthe 
retort is inserted. With the type of retort shown in 
Figs. 31 and 32, all classes of coals, including highly 
swelling coals, may be carbonised without difficulty. 
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The coal sample is compressed during heating by a 
quartz piston loosely fitting in the retort tube, so that 
only gas and tar vapour, but no coal dust, can pass 
between it and the retort wall. The position of the 
retort tubes in the furnace can be fixed by a height 
adjusting attachment which carries two plain inverted 
silica tubes on which the retort tubes rest. The gas 
passes from the retort tube by means of a side tube 
through a small scrubber- condenser filled with cotton 
wool, in which the tar is retained, into a eudiometer of 
about 300 ml. capacity, provided with a levelling vessel 
of at least equal capacity. The standard shape and 
dimensions of the various parts are shown in Fig. 33. 
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Fig. 33. 

Method of Operation : — 

One gram of the air-dried sample; ground to pass 

through a 60-mesh I. M. M. sieve, is placed in the retort 
tube which has been previously weighed. The piston 
is then gently inserted, care being taken that the escap- 
ing air does not carry with it any coal dust, which 
might get jammed between the piston and the retort 
wall. The tube is closed with a rubber stopper. The 
side tube of .the scrubber-condenser, fitted .witli a rubber 
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connection is then slipped over the retort side tube so 
that the gas cannot come into contact with the rubber 
tube. The scrubber-condenser, filled with cotton wool, 
kieselguhr or other absorbent material should be 
previously dried at 100°C. and weighed. It is connected 
by means of a rubber stopper and narrow glass tube to 
the inlet of the eudiometer tube, which is filled with a 
mixture of equal parts of glycerine and water, o^ a 
saturated solution of sodium chloride. The eudiom^er 
is clamped in a retort stand, and it is quite safe, to allow 
the scrubber and retort tube to be suspended freely l^y 
means of their rubber connections. 

Whilst charging the retort tube with the coal sample 
and connecting up the various parts, the furnace is 
brought to the requisite temp.. It is advisable to do this 
before beginning the test, instead of allowing the coal to 
be heated slowly when starting from cold. The tempe- 
rature of the furnace is adjusted by means of an outside 
resistance and is controlled by inserting a thermocouple 
into an empty retort resting in one of the tube spaces, 
the vacant heating space being covered by an asbestos 
disc. For exact work, the thermocouple should be 
transferred several times from one side to the other in 
order to check any variations between the two tubes. 

Any clearance between the retort or supporting 
tubes and the top and bottom openings of the furnace 
should be covered by a closely fitting asbestos coll^. 

As soon as the temp, is constant, the liquid in the 
eudiometer is brought to the top by turning the three- 
way tap so as to connect with the atmosphere, and 
fixing the levelling bottle at a suitable height. Connec- 
tion is then established between the retort and the 
eudiomet^ by turning the three-way tap into the correct 
position, Tlie alundum tube is the^ placed , in positiou 
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and the supporting quartz tube is lowered out of the 
furnace. The retort is then quickly inserted in the 
furnace so that the side tube rests on the side of the 
furnace and a length of 10 mm. which contains the 
coal charge, projects out of the bottom of the furnace. 
In this position the whole of the retort is preheated 
while the coal charge is only slightly warmed. At the 
end of one minute in the 900° C. test, or at the end of 
two minutes in the 600° C. test, the retort is raised by 
manipulating the supporting tube and eudiometer 
clamp, so that the bottom of the retort is 45 mm. 
above the lower level of the furnace and is in the hot 
zone. Heating is continued for 7 or 15 minutes res- 
pectively after raising the retort, i. e., 8 or 17 minutes 
after its insertion in the furnace. The progress of gasi- 
fication is followed by reading the volume of gas col- 
lected in the eudiometer, the levels being kept as even 
as possible. Volumes of gas are noted at intervals of 
30 seconds. 

Tests at 900°C. are completed after 7 minutes, those 
at 600°C. after 15 minutes, reckoned from the time of 
raising the retort into the hot zone. Gasification never 
ceases entirely, since there is always a slight reflux 
of the tar condensed in the upper part of thfe retort 
tube which is gasified by ‘cracking’. 

After 7 or 15 minutes respectively, the retort tube 
is lifted out of the furnace and left connected with the 
eudiometer in a place free from draughts until the gas 
has acquired room temp, at which the final volume 
is read. 

It will be found useful to plot curves from the 
minute observations. These cannot be reduced to N. 
T. P. but will show the general progress of gasifica- 
tion. After cooling, the retort tube and scrubber-con- 
denser are disconnected ftogo. the eudiometer. The 
62 ‘ 
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piston is lifted from the retort with a hook. The coke 
residue is then turned out from the retort and weighed. 
The retort tube is then weighed in order to obtain the 
weight of tar in it. This may include a little carbon, 
but as this is produced by the cracking of primary 
carbonisation products, the error introduced is 
negligible. 

The condenser containing liquor and the bmk of 
the tar is weighed. The liquor is then estimated by 
drying the condenser for 30 minutes at 100°C.; on 
adding the weight of tar found on re-weighing \the 
condenser to the weight of tar in the retort, a value for 
total tar is obtained. 

The standard apparatus having nichrome wire wound 
furnace should not be used above 950°C. Temperatures 
up to 1300®C. can be obtained if platinum resistance 
wire is employed, 

EXPERIMENT 88. 

Analysis of the Laboratory Bench-gas. 

HempePs Method- 

General Remarks : — 

We owe to Bunsen and his pupils the methods of 
gas analysis practised to this day. It is on record that 
his services were requisitioned by Sir Lowthian Bell 
when he wanted to draw up a heat balance sheet for 
the Iron Blast Furnace, for which purpose the analysis 
of the gas from it was necessary. 

The first thing to note in connection with gas 
analysis is that the percentages by volume, not by 
weight, of the constituent gases are determine^. On 
account of the great changes taking place in the volume 
of a gas with changes of temperature and pressure, cate 
has to be taken to maintain these the same throughout 
an experiment. • 
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Secondly on account of the solubility of gases in 
liquids over which they have necessarily to be confined 
in making an analysis, an endeavour should be 
made to use only those in which they are least soluble 
or to saturate them with the gases to be examined and 
use the liquids so saturated as the co nfinin g liquids. 

Thirdly, the connecting tubes between the measuring 
burette and the pipettes containing the absorption 
reagents must be of short lengths of capillary glass 
tubing. The rubber tubing used for connecting the 
glass parts should be such that the gases to be examiued 
do not come into contact with it, that is to say, the 
glass parts connected by rubber tubing should come 
into contact with each other. 

Fourthly, on account of the liability to leakages taking 
place when transferring gases from the measuring 
burette to the absorption pipette and vice versa, the 
pieces of rubber tubing slipped on to glass tubing should 
be held tightly in position by means of short rubber 
bands or ligatures. No special bands or ligatures are 
required. ^ inch length pieces may be cut from the 
mbber tubing which is slipped on and used as bands. 
Two or three such bands will do for each connection. 
Such bands are particularly requited in the ‘explosion’ 
method of analysis. 

The Bench-gas in use in many of the Laboratories 
in this country is derived from the cracking, at about 
800®C, of an inferior grade of kerosene oil. Some 
Laboratories are supplied with the gas undiluted 
with air whereas others are supplied with the gas 
after dilution with about 50% by volume of air. The 
method described below is ‘applicable both to the 
undiluted and .the diluted gas supply. 
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The constituents present in the undiluted gas are 
C 3 Hg, and H.. In the diluted gas, oxygen 
and nitrogen are present in addition. 

It may be pointed our here that no endeavour is 
made to separately determine ethylene, propylene, etc. 
gases which are the members of an unsaturated hydro- 
carbon group. Nor is any attempt made to detejrmine 
separately methane and ethane. It is sufficient ^r all 
practical purposes to determine the % of the memb^s of 
the saturated and unsaturated groups. 

The properties made use of are the solubilities' of 
the constituent gases in certain media. Where no 
solvents are known, the method adopted is combustion 
followed by absorption of the carbon di-oxide formed, 
in a solution of caustic soda or potash. The combu- 
stion is either rapid or slow. The rapid combustisn 
method is often spoken of as ‘explosion’ method. On 
account of the high pressures developed momentarily 
and on account of the high solubility of COj in water 
with increase of pressure, the explosion method neces- 
sitates the use of mercury as the confining liquid. 

The gases met with in metallurgical industries are 
the iron blast furnace gas, the coke oven gas, the pro- 
ducer gas and the roast gases from the reverberatory 
smelting of copper, zinc, etc. ores. The principles 
governing the analysis of the first three of these are the 
same as those governing the analysis of the Bench-gas. 
The chief constituent of importance in the roast gases 
is SOj,. A method for the determination of this is 
described in Expt. 91 b. 

The manipulation of the apparatus for the analysis 
of the Bench gas is illustrative of the manipulation of 
the apparatus for the analysis of the gases mentioned 
above. 
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A sketch of the Hempel burette and the different 
types of absorption bulbs is given in figs. 34a-34g. 
A sketch of the device used for drawing a sample of 
ths gas is also given. The bench gas issues at a pres- 
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Fig. 34 a. 

sure higher than that of the atmosphere and the pressure 
is expressed in inches of water. Connect the end 
P of the sampling bottle to the gas pipe by means of a 
piece of rubber tubing. Expel the air in S by raising 
the levelling bottle which is filled with water and by 
keeping the pinch clamp P, open. When S is full of 
water release the clamp P,, open Pj and the gas tap. 
Low-er L. The gas enters and fills the bottle S. As this gas 
is mixed with a small volume of the ait in the rubber 
connecting tubes, this is expelled from S by raising L 
and opening the clamp- P^ .When all- the-^sin- S i^ 
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expelled and water is coming out of E, close P, and 
open Pi and the gas tap. Lower L at the same time. 
By this means a sample of the Bench gas, unmixed with 
air from the connecting rubber tubes, is obtained. A 
simpler method is to allow the Bench-gas- to stream 
through the connecting rubber tube for 2-3 minutes 
and then to collect the sample in S as above described. 
Transfer of gas to the Hempel burette: — 

The next operation consists in transferring a portion 
of this gas to the Hemple burette. To do this, first 
fill the burette and connecting capillary tube with water 
by raising the levelling tube and opening the cock C 
so as to communicate with the atmosphere. Next 
connect the capillary end E of the bottle S with the 
free end of the burette by a short piece of tubing. 
Open P.. raise L, and lower, the levelling tube. When 
about 100 ml. of gas have collected in the burette, 
close Pj and the stop-cock *C’ of the burette and dis- 
connect the end E. 

The volume of gas in the burette is to be measured 
by bringing the two tubes together so that the levels 
of water in them are the same. In a test, the burette 
read 99.6 ml. at the Laboratory pressure and tempera 
ture. The next operation consists in passing the gas 
into a number of absorption pipettes one after another 
in a definite order. The order in which they are to be 
used is the following : — 

1. Caustic Potash pipette. 

2. Fuming sulphuric acid pipette followed by 
KOH pipette. 

3. Alkaline potassium pyrogallate pipette. 

4. Ammoniacal cuprous chloride pipette. 

In the fitst of these CO,^is absorbed, in the second 
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unsatutated hydrocarbons of the formula ate 

absorbed, in the third oxygen, and in the fourth carbon 
monoxide. After the absorption of these constituents 
there will remain, hydrogen, hydrocarbons of the methane 
series, mostly methane, and nitrogen. As already 
pointed out, there is no absorbent known for the two 
first ; they are estimated by explosion with excess air 
or oxygen whereby hydrogen is burnt to water and 
methane to CO, and HjO. An observation of the volume 
before and after explosion combined with a measurement 
of the volume of CO, by absorption in KOH pipette 
enables one to calculate the volumes of hydrogen and 
methane separately. Nitrogen, if any, is obtained by 
difference. The reagents for charging the different 
pipettes with, must be prepared and preserved with care. 

Caustic Potash solution : — 

Dissolve about 100 gms. of the sticks in 200 ml. 
of water. Keep in a bottle and close with a paraffined 
cork. Fill a simple pipette with the solution. 1 ml. of 
the solution absorbs 40 ml. of CO,. 

Alkaline Potassium pyrogallate solution : — 

This is made as and when required. Dissolve 
50 gms. of electrolytic KOH in 100 ml. of water. 
Add to the solution 15 gms. of pyrogallic acid 
dissolved in 30 ml. of water, mix and immediately 
charge into a double absorption pipette. 1 ml. of 
this solution absorbs 10 ml. of oxygen. 

Ammoniacal Cuprous Chloride 

Dissolve 250 gms. of NH* Cl and 200 gms. of 
cuprous chloride in 750 ml. of water. To 100 ml. of 
this* solution add 35 ml. of NH^ OH of s.g. 0.90 and 
charge the double pipette with the ammoniacal 
solution. Keep a bundle of copper wire immersed in 
the mixture of ammonium cuprous chloride solution 
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to prevent the solution from passing into the cupric 
state. 1 ml. of this solution will absorb 16 ml. of 
carbon monoxide. 

Filling of the pipettes with the reagents : — 

The simple pipettes (Figs. 34bi and 34b,) are easily 
filled. Pour through a small funnel placed in the wjder 
tube of the pipette, the solution of caustic potash until 
the bulb B is full and about layer is present in ihe 
other bulb (A) If necessary, hasten the filling operation 
by sucking at the capillary end. The pipette to contain 



the furxiing sulphuric acid must be perfectly dry. Pour 
through a small funnel placed in the wider tube until 
the small bulb (Q with the glass tubes is full and the 
bulb (A) contains about ^ inch layer of the acid. Plug 
the capillary end with a short glass rod and cover the 
other end with a short tube closed at one end. The 
tubes serve to increase die ar^ of contact. 
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To fiU the double pipette with potassium 
pyrogallate : 

Fill the pipette ( Fig. 34c. ) with hydrogen from a 
Kipp s apparatus. Connect the capillary end by meaqs 
of 20 mch long india-rubber tubing. Dip this tube into 
the potassium pyrogallate solution contained in a 
200ml. measuring cylinder. Suck at the wider end W for 
a minute. Raise the measuring cylinder about 20 inch 
above the working table and hold in this position 
until the bulb R is full and there is about inch layer 
in the bulb S next to it. Drive the liquid in R by 
blowing through the mouth at the capillary end, to S 



Fig. 34 c. 

so that this is almost full. Keep the capillary end closed 
by a pinch damp. Pour about 100 ml. of water into 
the bulb W. Release the clamp. The water in W works 
back into V and some (20 ml.) is left in W. At the same 
time the reagent in S works back into R and fills it. 
The water in V and W serves as a seal, prevents the 
reagent from coming into contact with air each time 
it is used, and thus prevents it from weakening 
unnecessarily. A better way of charging thp double 
63 
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pipette with pyrogallate solution is first to introduce 
the caustidl^ potash solution from a burette, the jet 
being connected by rubber tubing to the capillary end 
of the pipette and then the pyrogallic acid solution 
(about 15 gms. in 30 ml. of water). The two solu- 
tions mix in the pipette and the reagent is not weakened 
by exposure to air during the filling. Bulbs V apd W 
are charged with water as before. ' 

' Ammoniacal cuprous chloride reagent : — 

The filling of the double pipette with this reagent 
is done in exactly the same manner as in the case of 
the pyrogallate pipette. 

Special emphasis is laid on the order of absorption 
because pyrogallate absorbs both oxygen and COj, and 
ammoniacal cuprous chloride absorbs O 3 , COg, CjH 4 , 
and CO. The reactions that take place during the 
absorption are, excepting in the case of COj, which 
yields K 3 CO 3 with KOH, complex. In the case of the 
absorption of o^gen by potassium pyrogallate, potas- 
sium acetate and formate are among the products. In 
the case of CO, the unstable compound CU 3 CI 3 , 2 CO 
is formed. In the case of fuming sulphuric acid, a 
compound of ethylene with the acid is formed. It has 
the formula CjHgSgOy and is known as ethionic acid. 

Procedure : — 

Connect the Hempel burette containing 99.6 ml. of 
the Bench gas, with the capillary end of the KOH- 
pipette by means of a short piece of rubber tubing. 
Make a mental note of the position of the KOH solu- 
tion in the capillary tube. Drive the gas over into the 
pipette by raising the levelling tube. When completely 
transferred, shake the pipette so that the liquid comes 
into intimate contact wi^ the gas. Let it stand for two 



or three minutes. Slowly lower the levelling tube so that 
the gas passes into the burette. When KOH solution 
stands at the original level in the capillary tube, close 
the cock of the burette, adjust the levels and note the 
reading. Repeat passing into the pipette and repassing 
to the burette until the reading is constant on adjusting 
the levels. 

Pass next into the fuming HaS 04 pipette. ( See Fig. 
34ba. ) Use a dry capillary tube to connect the burette 
with the ‘absorption pipette. Pass and repass ( 3 or 
4 times ). Due to the presence of fumes of the acid and 
the consequent high vapour tension, the reading must 
not be taken straight. Remove these fumes by absorp- 
tion in KOH solution pipette, adjust the levels and 
then note the reading. Repeat the operations until the 
reading is constant. 

Adopt the same procedure in turn with the pyro- 
gallate and the ammoniacal cuprous chloride pipettes. 

Example : — 


Volume of gas taken 

=99.6 ml, 

After removal of COj 

=99.6 ml. 

After removal of CO, by repassing 

=99.6 ml, 

Hence % of Coj, 

s nil 

After removal of C„ Ha„ with 

fuming H 2 SO 4 (and KOH) ) 

= 81.4 ml. 

After repetition 

= 81.4 ml. 

Hence % of CnHg,, 

= 18.2 ml. 

After removal of oxygen by absorption \ 

= 70 2 ml. 

in pyrogallate ) 


After repeating 

= 70.2 ml. 

Hence % of oxygen 

= 11.2 

After removal of CO 

= 70.2 ml. 

After repetition 

= 70.2 ml. 

Hence % .of CO • 

= nil. 
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no tepott is heatd, the test will have to be repeated 
using a difiFerent proportion of air. After the explosion, 
transfer the gases to the burette by slo\?ly raising the 
reservoir M after opening the stop-cock C, Measure 
the volume of the gases left after the explosion. Pass 
into the KOH pipette and obtain the volume of COj 
present in the residual gas after explosion. The follow- 
ing example will make the calculation clear. 

Volume of gas taken for explosion, after the absorp- 


tion of CO3, C„Ha„, Oa, CO is 12.6 ml. 

Volume of air admitted for explosion 55.4 ml. 

Total volume before explosion 68.0 ml. 

Volume of products after explosion 59.0 ml. 

Total contraction 9.0 ml. 

Volumeafter absorption in KOH pipette 55.0 ml. 
Volume of CO3 4.0 ml. 


From the equation, CH4 -f- 2O3 — > CO3 + ZH^O, 
it is clear that 4 ml. of CO3 must have resulted 
from 4 ml. of CH^. It is also clear that the contraction 
in volume due to CH^ explosion is twice its volume. 
It must be remembered that the steam is condensed to 
the liquid state and that the volume occupied by the 
water so formed is negligible. Hence, of the total 
contraction of 9 ml., a contraction of 8 ml. is accoun- 
ted for by the combustion of 4 ml. of CH^. 1 ml. 
contraction is due to the combustion of Hj. From the 
equation 2H3 4 O, — >2HaO, ( 2 volumes of hydrogen 
plus 1 volume of oxygen yielding water, the volume of 
which is negligible, ) it is clear that whenever 3 
volumes disappear producing HgO, there must be 2 
volumes of H, present. Volume of H3 present in the 
1 2.6 ml. .of gas tajten for •explosion*: -1 « 2^3 or 6.7 scd. 



12.6 ml. contain 0.7 ml. of Hj and 4 ml. of CH^ 

70.2 „ „ 0.7x70-2/12 6 of Hi, and 

4x70.2/12.6 of CH< 

99.6 ml. of the gas taken for analysis contain 
.7x70.2/12.6 ml. of H„and 4x70.2/12.6 ml. of CH^. 

100 ml. ofthe gas will contain .7x70.2x100/12.6 99,6 
ml. of Hj and 4x70.2x100/12.6x99.6 ml. of CHy 

Therefore, % H, is 3.91 and % CH< is 22 38. 

The composition of the Bench gas then is as fol- 
lows CO3 Nil. 18.2%, 0311.2%, CO Nil, CH^ 

22.4%, H.2 3.9%, and N3 44.3% ( by difference ). 

The presence of oxygen and nitrogen in the Bench- 
gas is due to the intentional admixture of the gas with 
air, before the distribution of the gas to the laboratories. 
The object of admixture with air is to decrease the 
heating value of the gas. Pure oil gas will be a very 
rich gas having a high calorific power and will contain 
about 50% of CH^, 42%Colri3„, and about 8% H3 
Notes : — 

(1) Bromine water may take the place of fuming 
sulphuric acid for the absorption of unsaturated hydro- 
carbons. The use of this reagent is attended with no 
risk of fracture of the pipette, which results from 
inadvertently admitting drops of water into the pipette, 
charged with fuming sulphuric acid. When using this 
reagent, it is also necessary to absorb the bromine 
vapours by passing through KOH pipette and then to 
take the reading. 1% bromine is best suited for the 
purpose and is made by diluting one volume of satura- 
ted bromine water with two volumes of water. The 
compound formed with ethylene has the formula 
This is"an^oii7 li<}uid. , 
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( 2 ) Oxygen in place of air is also used for the 
explosion of a fractional volume of the gas left after 
absorption of COj, C„H 3 „, Oj, CO, In either case it is 
necessary to calculate the volume that is to be used. 
When too large an excess is used, the explosion may take 
place without violence but the results will be inaccurate ; 
when too small a volume is used, no explosion and 
therefore no oxidation of CH^ and H, will occur. The 
proper proportioning of the mixture to be exploded 
presup^Joses a knowledge of the composition of the gasH 
According to Bunsen, an explosion will occur and the 
results will be very accurate if the ratio of the volume 
of combustible gases to the volume of non combustible 
gases is equal to 1/4. This ratio holds good for hydrogen. 
It is different for different gases. But, as a fair approxi- 
mation, it may be used in the case of a mixture of CH^ 
and Hj. When the nature and composition by volume of 
the combustible gases is not known, a series of trials is 
necessary using for the same volume of the gaseous 
mixture varying volumes of air or oxygen and exploding 
the mixture obtained in each case. When an explosion 
does occur with a particular mixture, the volumes of 
CH 4 and Hj are calculated. Assuming the values for 
CH 4 and Hj, the volume of ait or oxygen to satisfy the 
above requirement is calculated and «.he test repeated. 
The values thus obtained for CH^ and Hj are more 
accurate than those obtained w'ith a mixture not properly 
proportioned before the explosion. 

Instead of trying with varying proportions of air or 
oxygen to explode the gaseous mixture to be analysed, 
it is advantageous to explode a mixture by the intro- 
duction of about 10-15 ml. of electrolytic gas into the 
explosion jpipette. This gas is obtained.by’the decom- 
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position of a 5^ solution of barium hydroxide in distilled 
water. The gas thus obtained is purer than the ’ gas 
obtained by the electrolysis of watet acidulated with 
sulphuric acid. A convenient form of apparatus for the 
generation of the gas is illustrated in Fig. 34 i. The 
electrodes, which may consist of two heavy platinum 

wires are partly covered with a shield 
of glass tubing and insetted through a 
rubber stopper at A. The collecting 
ipchamber B is then completely filled 
with the electrolyte. The current is 
drawn from the 220 Volt D.C. line, 
with a 50 watt-lamp in series with the 
generator. When a few ml. of the gas 
have collected, the air in D is put 
under pressure, the stop-cock at C 
opened and the gas discarded because 
the different solubilities of hydrogen 
and oxygen in the solution slightly 
affect the proportions. Thereafter, the 
pipette may be used both for generat- 
ing and storing the gases. The current should be regu- 
lated to give about one litre per hour. 

It must be borne in mind that the electrolytic gas 
only helps the union of H, and CH, with oxygen or air. 
One or the other supporter of combustion must thedre- 
fore be present in quantity sufficient for combination 
with Hg and CH<, before introducing the electrolytic gas. 
This gas is introduced directly into the explosion pipette 
from the generator. It is not necessary to measure the 
volume of the gas introduced. 

( 3 ) Due to the limited capacity of the mercury 
explosion pipette, and also qf the burette, the standard 


X>l 

Flg.34j 
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capacity of which is only 100 ml., it is not possible to 
use the entire volume of the residual gas for explosion, 
though such a procedure will lead to more accurate 
results ; but, for the reason mentioned, only a fractional 
volume is used. For example, about 280 ml. of oxygen 
will be required for the explosion of the 70.2 ml, of the 
gas left after removal of CO,, 0„ CO. This large 

volume cannot be accommodated in the explosion pipette 
which does not exceed 250 ml. capacity. 

( 4 )■ The few drops of water run into the pipette 
after transferring the mixture to be exploded, act as 
catalytic agent and promote the explosion. Perfectly dry 
H] and O, will not explode. 

■0 ( 5 ) The products after the explosion consisting 

of COj, N„ and surplus oxygen may be measured over 
water, without fear of dissolving any of the CO,. 

( 6 ) The explosion should not be conducted in a 
pipette containing water in piace of mercury because 
just at the moment of explosion very high pressure is 
produced and the CO3 formed will then go into solu- 
tion and the results will be vitiated thereby. 

( 7 ) The estimation of hydrogen may be separately 
made, by passing the properly proportioned mixture of 
gas and oxygen over palladium wire about 1 inch long, 
contained in a capillary and heating the capillary by 
means of a spirit lamp flame. The temperature must 
not run over SOO^’C as above this temperature some 
CH4 is likely to be bur% A temperature of lOfloC. is 
sufficient for the combustion of Hi. By way of check 
on the explosion method of the mixed gases, the 
following results were <^tained : — 

Volume of residual gas after removal CO,, 

0„ CO 12.5; ml. 

44 
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Volume of gas with ak 69.0 „ 

Volume after repeatedly passing over heated 

Pd wire 67.0 „ 

Contraction 1.0 „ 

Volume of H, • 0.66 „ 

Petecentage of Hydrogen 3.7 

In place of palladium wire, palladiumized asbtstos 
is used by some analysts for’the estimation of hydrc^en. 
This is prepared as follows : — one gram of palladium 
is dissolved in a 50 ml. tall form beaker with 5 ml.- 
HCl and 2 ml. cone. HNOj The solution is evaporated 
to dryness at a temperature not exceeding 100°C. 
The palladium chloride formed is dissolved in 5-8 ml. 
of water, 4 ml.* of a cold saturated solution of sodium 
formate are added and the mixture is then made strong- 
ly alkaline by the addition of sodium carbonate 
solution. One gram of long soft fibre asbestos is added 
to the mixture which is then heated to 100-105°C. 
Palladium in a very finely divided condition is deposi- 
ted on the asbestos fibre. When this appears dry 
a little warm water is added, the fibres allowed to soak 
for 30 minutes and then they are filtered off through a 
perforated porcelain cone fitted to a funnel or through 
a gooch crucible. The fibres are washed free of sodium 
salts, using water. They are then dried and preserved 
in a stoppered bottle. The fibre is introduced into a 
1 mm. bore capillary tube which is about 12 inches 
long. It is then pushed into the middle part of the 
capillary. This is then bent into a tube of the form 
shown in Fig. 34h, the bottom bend containing the 
palladiumised asbestos and the two right-angled bends 
serving as points of suspension whoa an ei^erimoat is 
made. A t^ater-bath surrounds the U tube cQHtaiiung 

A ^ 
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the catalyst and is maintained between 80 and 90®C. 
Under these conditions the fractional combustion of 
hydrogen only is effected. The rate of passing the 
gas should be such that there is no visible glow of 
the catalyst. A desirable rate is 15 ml. of the gaseous 
mixture per minute. It must be remembered that the 
hydrogen is burnt to water in the presence of the 
catalyst and that it is not a case of mere occlusion of 
the hydrogen gas. Therefore sufficient air or oxygen 
must be mixed with the gas prior to passage over the 
catalyst. 

Methane can also be estimated by passing it after 
admixture with air or oxygen over the palladiumized 
asbestos catalyst. As the temperature at which the 
combustion takes place completely is of the order of 
700®C., the catalyst must be contained in a silica tube, 
of very small bore, about 1 mm, i. e. of the type used 
for thermo-couple elements in Pyrometry Experiments. 
ltshould .be. about . 9-10 inches , long. The .catalyst 
should be pushed into the middle part of the tube and. 
should occupy about 1-2 cms. in length. It should be 
loose enough to admit of the passage of gas. Only the 
portion of the tube containing the catalyst should be 
heated by the Bunsen burner to about TOO'^C. 

In using the palladium wire or the palladiumized 
asbestos, an absorption pipette filled with water serves 
for passing the gaseous mixture to and from the gas- 
measuring burette. 

The step-wise determination of hydrogen and 
methahe has the advantage that accidents inherent in 
the explosion method are avoided. 

The Slow Combustion Method : — 

( 8 ) Yet fnother altemati'^e to the step-vdSc detet- 
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mjiiatioa of bydfogen and methane is the slow combus- 
tion method. This is catried out over water contained 
in a pipette of the type shown in Fig. 34 d. A two-holed 
cork fits the bottom of the cylindrical bulb. Through 
each hole passes a glass tube about 15 cms. long and 
about 3 mm. internal diameter. Platinum wire ( No. 
28 gauge ) is fused on to one end of each. Thtfj ends 
of the wires to go into the cylindrical bulb are\ con- 
nected by a spiral of platinum wire about 4-5 cms. long. 
The free ends of the plattinum wire are connected by 
copper leads to a 220 Volt supply line through a lahip- 
resistance board with an ammeter in circuit to indicate 
the current passing through the platinum wire. The 
current should be adjusted to such strength that the 
platinum spiral will be at a yellow heat. A measured 
volume of oxygen is introduced into the bulb sufficient 
for the combustion of Hg and CH^. The gas to be 
analysed is then very slowly led from the Hempel 
burette into the cylindrical bulb and then taken back 
into the burette. The further steps in the process and 
the method of calculation am the same as those already 
indicated for the explosion method, namely, the reading 
of the volume after the combustion, and the measure- 
ment of the volume of carbon dioxide formed by ab- 
sorption in the caustic potash bulb. 

( 9 ) In place of potassium pyrogallate for the ab- 
sorption of oxygen phosphorus may be used. The ob- 
jection to the use of this arises from the fact that traces 
of impurities have a poisoning effect and the oxygen 
is not absorbed. Also, the filling of the pipette with 
this reagent is tedious and requires great care. • 'OHien 
it is a question of estimating oxygen only in a sample 
of air, the phosphor pipette may be used. The objec* 
tion to tbtf Vfe of it on thp score tbat it it Tttfy .slow 





Fig 34d. To face p. 509 
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in action at tempexatuies below 15°C. is without force' 
in this country. The following is the procedure for 
filling the pipette with phosphorus: — In a tall form 400 
ml. beaker, containing about 200,ml. water, introduce 
yellow phosphorus so that it is completely under water. 
Heat the beaker over a mush room top burner so that 
the phosphorus melts to a liquid. Dip a piece of glass 
tubing about 15 cms. long and 3 mm. bore, open at 
both ends into the molten liquid. Close the open end 
witii the fore-finger, lift the tube from the beaker and 
plilnge into a beaker of cold water, with the open-end 
of1:he tube still closed. When the phosphorus has 
solidified, it will fall to the bottom of the beaker, 
If it does not fall, it may be pushed out by slight 
pressure using a thin glass rod. Several sticks 
of phosphorus thus made are withdrawn from the 
beaker by means of a pair of tongs and introduced into 
the cylindrical bulb for solid reagents, the pipette being 
inverted while charging it with the sticks. 

( 10 ) On account of the warmth of the hands and 
the consequ'^nt increase in the volume of gas, the 
burette should be handled at its wooden base, whenever 
volumes are read off after adjustment of levels. 

( 11 ) Caustic soda or potash purified from associated 
carbonate by means of alcohol is unsuitable for preparing 
the pyrogallate reagent as the one so made evolves CO. 
Electrolytically prepared KOH and NaOH do not give 
rise to CO. Hence they alone should be used. For 
absorption of COj however, it is immaterial which 
reagent is used, whether the one purified by alcohol or 
the one electrocolytically made. 

( 12 ) Ammo niacal cuprous chloride is preferred to 
cuprous chloride made strongly acid with HCl, as its 
absorbing power is greater, and as it remains in tact 
fbr.a louder period. Befo^ reading off Ac** volume of 
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CO absorbed, the residual gases should be passed 
through a pipette containing dil. HCl. The solution 
which has been in use has a tendency to give up carbon 
monoxide to gaseous mixtures low in their CO content, 
which may be passed through it. The practice is 
therefore to use two such pipettes. The first is a 
solution which has been in use for some time, and 
the second is a fresh solution. i 

EXPERIMENT 89 . 

Analysis of Bench-gas with the Orsat Apparatus. 
General Remarks : — 

On account of the compact nature and the consequfcnt 
easy portability of the apparatus, this is widely used in 
Works’ Laboratories. The principles governing the 
analysis of gases with this apparatus are the same as 
those with the Hempel burette and accessories, namely, 
absorption of one constituent after another in a certain 
sequence by passage through absorbents. The apparatus 
is shown in Fig. 35 L is a levelling bottle connected by 



Fig. 35 
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means of a piece of rubbet tubing about 30 inches! long 
to a butette with two seties of gradutions tunning from. 
100 at the bottom to 0 at the top and vice versa. This 
burette is surrounded by a jacket-tube J containing 
cold water. The upper portion of the burette is 
an enlarged cylindrical bulb. This s connected by 
a short piece of rubber tubing to a thick capillary 
tubing with fused-on side tubes, and having at its end 
a three-way tap T. Each side tube carries a tap, and 
is joined by thick rubber tube with| a U shaped 
absorption pipette. The first one nearest the burette 
contains KOH solution, the second bromine water, the 
third alkline pyrogallate, the fourth ammonia cal cuprous 
chloride, and the fifth water. The solutions used are 
of the same strength as those used when analysing with 
tlie Hempel apparatus. To cause rapid absorption, 
the absorption vessels contain a number of short lengths 
of glass tube, which when wetted with the reagent 
expose a large surface to the gas. 

The open limb of the U tube is provided with an 
accurately bent thick capillary plug which prevents any 
free access of air. The limb of the U tube connected 
through the stop-cock to communicate with the butette 
ends in a capillary on which is etched a mark. Each 
pipette is filled with the proper absorbent up to this 
mark. This is done as follows : — 

Turn the three-way tap T suitably so as to put the 
burette in communication with the atmosphere. Pour 
about 200 ml. of a 10%solution of NaCl acidulated with 
one ml. dil HCl 1 : 1 and coloured red by the addition of a 
few ^ops of methyl orange, into the levelling bottle L. 
Raise it so that the air in the burette is expelled and 
the liquid fills it completely. There should be at least 
an inch layer of water in L when the “burette is 
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filled. The stop-cocks on the capillaty with side-tubes 
should be so turned that no liquid runs into any of the 
U tubes when filling the burette. Turn three-way tap 
T so as to cut oS the burette communicating with die 
atmosphere and place L on the working table. Pour 
KOH solution into the limb l,^of the absorption U tube 
Aj, after removing the capillary plug. The liquid does 
not rise in the limb with the etch mark to the ^ame 
level as in Open then the stop cock Cj, so as tomut 
the burette and the U tube in communication with 
each other. The air is su eked into B and the liquid 
rises in the other limb. By a repedtion of the process 
the absorbent can be made to reach the etch mark. In 
the same manner all the absorpdon vessels are filled^ 
one by one 4 with the appropriate reagents. Care should 
be taken not to have more than an inch or so of liquid 
layer in each of the limbs at the back. 

The fifth U tube connects with the stop-cock tube 
via a platinum capillary tube wrapped round with 
asbestos thread. This one serves for the estimadon of 
H, and CH^ by combusdon. 

It is desirable to start with 100 ml, of the sample of 
gas to be analysed so that calculations become simple. 
To do this proceed as follows ; — 

Fill the burette B completely with water by 
raising *L*. Close the pinch cock *p/. Slip on the 
gas tap of the Laboratory Working Bench a piece 
of rubber tubing with a glass adapter, open the gas 
tap so that the air in the conneedng tube is swept 
out and the gas to be examined fiUs it coo^l^ely. 
Connect by a short piece of rubber tubing the end 

the ^us ads^tez to E, the capillary tube *C. 
Tom the *tbfee-wi^ tap ,T sait^Dly* potting B in 



513 


communication with the gas supply. Lower L and 
release the clamp. The gas streams in until the level of 
liquid in B goes below the 100 ml. mark. Now close 
the gas tap. Disconnect at E after turning off 
T so that B communicates neither with rhe atmo- 
sphere nor with the gas main. If the volume of gas 
is read when the leavels of liquid in B and L are' 
the same, it will be seen that more than 100 ml. 
of the sample have been drawn. Slightly ompress 
the gas by raising L. Momentarily open the three-way 
cock T so that B communicates with the atmosphfere. 
Close T. Now examine if the volume of gas is 
100 ml., when the levels in B and L are the 
same. If more than 100 ml. of gas are still present, 
repeat the above operation until there is a volume of 
100 ml. only. If less than 100 ml. are present, draw 
more of the gas sample by connecting with the bench- 
gas tap and repeating the operations more carefully. 

Perform the following operations after 100 ml. of 
the gas sample have been confined in the burette : — 

Open Cj and raise L slowly so that the gas passes 
into Aj. Lower L so that the gas passes back into B 
from Aj. Repeat twice. Bring the liquid (KOH) back to 
the original mark ( the etch marir ) and read oflF the 
volume in the burette B when the levels in B and L are 
the same. Pass the gas back and .forth once more. 
Read the gas volume. If it is the same as before, 
all the absorbable constituent, namely CO3, has been 
absorbed. Repeat the prdcess successively with the other 
absorption pipettes until only Hj, CH^ and N* are 
present. At this stage, proceed as in the gSlow 
Combustion Method’ described in Expt. 88. That is, 
use a portion of the residual gas only for combustion. 

The rest is confined in the potassium pyrogallate pipette. 
Mix it with 30 40 ml, of oxygen. Heat the* platinum 
65 ‘ 
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capillary wrapped with asbestos, with a Bunsen burner 
while the gaseous mixture is being passed to and fro. 
Passing twice or thrice will do. Transfer the products 
of combustion to B. Note the contraction. Pass into 
KOH solution and note the contraction. This last 
contraction gives the volume of CO, formed and there- 
fore the volume of CH4 originally present. For calcu- 
lation of the volume of hydrogen, see Expt. 88, ’ 

Notes : — 

^ 1 ) Care should be taken to see that the caustic 
potash solution or the pyrogallate solution does not fun 
up to the stop-cocks. If accidentally any gets in, the 
stop-cock should be taken out and wiped with a piece 
of cloth or filter-paper soaked in dil. HCl. This should 
be done 3 or 4 times. Finally it isthinly smeared over 
with vaseline and then restored to its seat. 

( 2 ) Leakages of gas occur through interchange 
of stop-cocks. Each cock should be returned to its ap- 
propriate seat. If leaks occur even after this precaution, 
a little of a mixture of emery and olive oil is applied 
thinly on to the stop-cock and it is then turned a num- 
ber of times in its seat until a snug fit is obtained. 

( 3 ) Cracking of • the absorption tubes must be 
guarded against by interposition of an asbestos sheet 
when heating the platinum capillary. 

EXPERIMENT 90. 

Calorific value of Bench— Gas using the - 
Junker Calorimeter. 

The essential parts of the Junker gas calorimeter 
outfit are : (1) a pressure regulator for the supply of 
gas at a constant pressure to a burner, (2) a gas meter 
for reading the volume of gas supplied, (3) a burner 
of the Bunsen type in which the gas is burnt, (4) a 
calorimeter to absorb the heat of the products of com- 
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bustioh of the gas under test, (5) thermometers to 
register the temperature of the inflowing and the 
outflowing water and also of the products of combus- 
tion escaping after they have given up their heat, 
(6) two graduated cylinders : one in which the out- 
flowing water is collected, and a second one to collect 
the condensed water from the products of combustion 
and (7) a constant head arrangement for supplying 
water to the calorimeter at a constant head or pressure. 
The one essential difference between this calorimeter 
and other forms in ordinary use lies in that the former 
is, what is sometimes described as, the ‘flowater’ 
calorimeter whereas the latter ate ‘still-water’ calori- 
meters. In the type under description, water is made 
to flow through a jacket containing a number of tubes 
and the heat of the products of combustion passing 
through the tubes is taken up by the flowing water, 
that is water in motion. In the ordinary types, the 
water is ‘still’ or ‘at rest’ and the heat of the bodies 
placed in it is taken up by it. 

Fig. 40a shows the assembled apparatus for a deter- 
mination. 



Fig^40a. 
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Fig. 40b shows the Junker calorimeter in section. 



AvrPuf 

MUKNCK 

NOLpm 

e^n0L‘S7/M CHAntottt 
ro/^avaric!^ cuAMotK »oaf 
roo^/Ao* 7uaa 

*€cinsv rok cof*ovsrioi\ c irrj 

Oijri.tr fOK f.Df^9w>TioM GAses 
'mtoTrLK rck coMeusrtoN 
Otvoe-AOkS cuTi.c7 

\cf(£ r 

iAT£K ThtC^tOf-'trta 
OLO \-^AT£A IftLCT 
t^ASrg gtytX-fLOInf 
’f^£k 

oytarLOiri TO CAiOMifxigr*fi 
W COCK 

^oJUsrJV£.\T COCA 
coco WATMA Tft£knCM£7£A. 
VIATCB JACXCT 

BA free P^LATti }kiiTh cAOSifC > 
LOM£A 0¥£An. 0tv 
LCAA£K COArTAtNCP 
HOT KtATCK a\/rkriO\Kt 
BKAJi BASE KiNC 



Fig. 40b. 

Fig. 40 c shows the gover- 
nor, i. e., the device for regu- 
lating the pressure at which gas 
is fed to the burner. 



Fig. 40c 
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In a fun, the first step is to burn the gas in the 
burner so that the gas jet burns with a flame of normal 
height and intensity. The air-hole of the burner 
should be so adjusted that the gas burns silently. Any 
noise or roar indicates that more air than is necessary 
is admitted in which case the maximum heating value 
is not realised. The burner is next placed in a chamber 
free from draughts. Water under constant head is 
fed into the calorimeter. The quantity is regulated 
by h tap. When the temperature of the outflowing 

water has reached a steady stage, that is to say, it 
has become constant, the gas-meter is read and the 
outflowing warm water is collected in the measuring 
cylinder so that the volume is 1500-2000 ml. The 
volume of gas that has passed through in the interval 
necessary for collecting this volume of water is read 
on the gas-meter. The air for combustion enters 
through the long tube attached to the constant-head- 
water arrangement, thus ensuring the same temp, for 
it %s for the water fed into the calorimeter. The 
products of combustion escape through the tube placed 
at the side near the bottom. 

The following observations were made in an ex- 
periment : — 

Volume of gas used OT cubic foot. 

Volume of water collected 2 litres. 

Temperature of inflow- water 23-6“C. 

Temperature of outflow-water 3T9‘’C. 

Hence, the quantity of heat on burning 1 cubic 

2x8 ’3 

foot .of the gas is equal to or 166 kilogram 

calories, (i. e.) 166x3.968 or 650 B. Th. units. 

1 Kilogram =^2.205 lbs. = weight of 1 litre of water, 
p C.=3l.8 F. Hence 1 kilogram calorie=3.968-B. Th. U. 
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The value thus obtined is the gross heating value. 
In actual practice, steam which is one of the products 
of combustion escapes through the chimney and is not 
condensed. But in the experiment the steam is con- 
densed and its heat taken up by the flowing water of 
the calorimeter. A deduction should be made for the 
amount of heat thus absorbed. This amount can be 
obtained by collecting any water .that may drop from 
the tubes through which the products of combuspon 
make their exit. 

The volume of water collected during the run was 
nil. This is partly because the gas is not rich in 
hydrogen and partly because the volume of gas burnt 
is only 0.1c. ft. That this must be so can be seen by 
a simple calculation from the composition of the gas 
( see Experiments 88 and 89 ). Supposing, however 2 
ml. of water are collected during a run, the quantity 
of heat given up by 20 ml. of water colleceted when 
ic. ft. of gas is burnt is or 12 C. Deducting 

this from the gross calorific value, the net calorific value 
of the gas is 166-12 i. e., 154 C. 154 C.=616 B. Th. t. 
Notes : — 

( 1 ) Junker’s gas calorimeter is used for the direct 
estimation of the heating values of industrial fuel 
gases. It is more often the practice to calculate their 
heating values from their percentage composition by 
volume, which is found out as shown in Experiments 
88 and 89. 

(2) The gas meter. — This is of the wet type. It 
consists of a number of lightly constructed compart- 
ments disposed on a central spindle. This is caused 
to rotate by the individual compartments becoming 
filled with the gas on their passage through a water 
seal disposed over the inlet to the meter. Each com- 
partment*has a definite cajjadty, consequently a known 
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volume of gas is passed through the meter per revolu- 
tion of the spindlei This latter is geared to counting 
mechanism, which records on a dial the actual volume 
passed. The meter should be set level by means of 
the adjustable feet. It is filled with water up to the 
horizontal mark etched on the small glass disc. When 
filled, the opening is closed by a tight-fitting cork. 
The gears must be oiled from time to time, particularly 
in Laboratories where the testing is carried out a 
number of times daily. 

(5) The Governor: — This is similar in shape to 
gas-tanks of laige size. It is of the balanced type. It 
consists of a bell disposed in a water seal and carrying 
a conical seated valve, which, by the rise or fall of the 
bellj^opens or closes the gas inlet and- thus allows more 
or less gas to pass according as the pressure falls or 
rises. The bell is balanced by weights suspended from 
the opposite end of the beam to that at which the bell 
is attached. The clearance between the cone valve 
and its seating in the inlet pipe can be adjusted by 
alteration of the weights. The addition of weight 
decreases the clearance and makes the governor more 
sensitive in its action. 

A side plug is fixed in the vessel which contains 
the bell, the waterlevel is adjusted in this vessel by 
opening both inlet and outlet gas cocks to the atmos- 
phere, water is then poured into the vessel until it 
flows out at the orifice for the plug, which is then 
placed in position. 

(4) The flow of water in the calorimeter should be 
so adjusted that a difference of about 10“ C is obtained 
between the cold water and the hot water. Accurate 
results are possible only under this condition. 

(5) To prevent the formation of scales. o6* the tubes 
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through ■which the products of combustion pass, it is 
desirable to use soft water. Formation of scales will 
prevent the efficient transfer of heat. 

EXPERIMENT 91 a 
Flue gas Analysis : — 

General Remarks — The term ‘flue-gas* is applied/ to 
the waste gas escaping up the chimney of a boiler ot a 
furnace,, irrespective of whether they are fired by me^s 
of a solid fuel like coal or a liquid fuel or a gaseous 
fuel like iron blast furnace gas. Theoretical consider- 
ations show that, in the case of a boiler, fired by coal, 
there is no wasteful use of the fuel if the percentage of 
carbondioxide in the chimney gas is 14. This percentage 
of COj will mean the employment of 50% more air than 
is theoretically needed for the combustion of theTuel: 
To maintain the rate of evaporation and therefore the 
the power output at the proper level, this excess 
becomes necessary, wasteful as it is in that a part of the 
heat energy is carried up the chimney. But a far greater 
excess than 50Z more air will lead to a heavier loss and 
the cost of power in such plants will be higher than in 
those restricting the air supply to what is necessary. In 
the case of boiler plants fired by the iron blast furnace 
gas, it will be enough if a 5-10% excess of air is 
supplied. A greater excess than this is wasteful. 
Knowing the composition of the gas, the composition 
of the flue gas is calculated for a 10% excess supply of 
air. The % of COg obtained by calculation is compared 
with the % of CO, by analysis. A better control is 
maintained on the combustion process in the light of 
the figures of analysis. In recent years great attention 
has been paid to the economic production of power 
and automatic recorders of the % of CO, in flue gas 
have been* 'installed In large, steam power plants. 
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The,^ COj in a flue gas is obtained by the use of 
the Ofsat apparatus. On account of the great varia- 
tion in the composition of the gas according as a 
sample of it is drawn from the middle of the chimney 
or from points close to the wall of the chimney where 
the velocity of flow of gas is much less than what it 
is at points far removed from ft, attention must be 
paid to drawing a representative sample of the gas. 
Fig. 36d shows the arrangement for drawing a sample 
of the gas. This consists of a steel tube one inch in 



Fig, 36d 

diameter, with one end closed. Holes ^ inch in 
diameter are drilled about 6 inch apart along two lines 
lying* diametrically opposite each other, those along 
one line being located so as to fall opposite a point 
midway ‘ between two holes in the other line. The 
sampling tube should be ^ long enough to extend 
66 ’* * * 
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cntitely across the gas stream, the number and 
size of the holes should be so regulated that their 
combined area does not exceed three fourths of 
the cross sectional area of the opening in the tube 
itself. For temperatures of flue gases higher than 400° C, 
the sampling tube should be made of silica or clay as 
soot in the gas stream reacts at those temperatures with 
iron oxide in the tube. This is connected td an 
aspirator. This should be operated so that the pressure 
in the sample tube is slightly less than that in !f;he 

gas main. 

The sampling pipette (Fig. 36b) of about 150 ml. 
capacity is connected to the pet-cock after filling it 
with water. It is filled with water by dipping one 
end of it into a beaker of water, opening the cocks 
Q and C 3 and sucking at the end near Q until the 
pipette is full. Q and Q are then closed. When the 
aspirator has worked for 5 to 10 minutes and the air 
in the sampling tube has been expelled, 
open the cocks of the sampling pipette 
and collect about 120-130 ml. of the 
sample. Close the cocks Cj and C, 
and carry the sample to the Labo- 
ratory. Raise L, the levelling bottle 
of the Orsat apparatus, and open T so 
that the burette B is filled with water. 

Close the pinch-clamp pi. Connect 
the sampling pipette to E by means 
of a short piece of rubber tubing. 

Support a beaker of water suitably so 
that the cock Q of the sampling 
pipette is 2 inches below the level of water in the 
beaker. Open Q and Cj. Release the clamp pi, lower 

L and draw the gas sample from the pipette to B. 
* « - • 



Fig, 36bl 
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Close Q and when a little more than about 100 ml. 
of the sample have been drawn into B. Turn T so 
that B does not communicate either with the atmos- 
phere or the sampling pipette. Slightly compress the 
gas in B by raising L so that in B the liqued level 
stands at the 100 ml. mark. Momentarily open T to 
the atmosphere so that a small amount of the compres- 
sed gas is expelled. Read off the volume when the 
levels in B and L are the same. If the volume of gas 
is not exactly 100 ml,, repeat the above operations of 
compression and expulsion of gas until exactly 100 ml, 
are confined. 

Instead of drawing the sample of gas from the 
sampling tube to the pipette and then transferring it 
to the burette, the apparatus may be carried to the 
point at which the gas sample is to be drawn and a 
rubber suction pump used to draw a sample directly 
into the burette. Fig. 36c shows a pump. It has two 
valves Vi and Vj working in reverse directions. When 
the bulb is pressed, the valve Vj operates and the air 
in the bulb is expelled into the atmosphere via the tap 



Fig. 36c. 


T, which is suitably turned for the purpose. When 
the bulb is released, the valve Vj operates and a sample 
of the gas fills it. After working the pump a few 
times, a sample of the gas is drawn into B by mrmng. 
T so as pot the gas-source in communication*with B. 
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Analyse the gas for CO,, Oj, CO and H* in the 
manner explained in Expt. 89. 

Notes 

(1) The presence of CO indicates too thick a fuel 
bed. Heat loss^ occur through CO passing through 
the chimney. 

(2) The presence of H, also indicates the incomplete 

utilisation of the heat energy of coal. \ 

EXPERIMENT 91b. \ 

Determination of % SOj in the flue gases from 
roasting furnaces. 

Object ; — 

The roasting of a sulphide ore proceeds very effecti- 
vely when the % SOg by volume is about 8. When a 
greater volume of ait than is needed to yield 8% SOg 
is admitted, the hearth cools off while with less, the 
roasting proceeds rather slowly. As a means of control 
on the process of roasting, this estimation is very 
.helpful. 

Principle : — 

When SOj is passed into a standard solution of 
iodine, the following reversible reaction takes place : — 

SOg-i-HgO+Ig ^S 03+2 hi. 

To c^ry to completion the reaction indicated by 
the upper arrow, a small quantity of sodium bicarbonate 
is added to the iodine solution, before passing the 
gases into it. 

Solutions required i — 

( 1 ) Standard iodine solution. 

(2) Starch solution. See Experiment 19. 



Procedure : — 
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Fit up the apparatus shown in Fig. 39. 



B is a wide mouthed bottle containing 10 ml. of 
0*liV“iodine solution diluted with 50 ml. of water. Add 
to it a few drops of starch solution and about 0 5 gm. 
of NaHCOj. Aspirate the gas through B by opening 
the pinch clamp P. Collect the water that runs out in 
® S^^dnated jar, G. Shake up the iodine solution when 
the gases are being aspirated through it. When it is 
decolorised, close the pinch-clamp P. The volume of gas 
aspirated through equals the volume of water in G plus 
the volume of SO, absorbed by the iodine solution. The 
temperature of the gases is that of the water in A. 
Titrate the excess -of iodine, if any, against OTN-Na, 
Assuming that all the iodine is used up, calculate 
as fpllows:-~- 
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i ml. 0*1 JV Iodine = 1 ml. O.liV-SOj. 

= .0032 gm. SOj 
= 1.12 ml. SO 3 at 

0°C and 760 mm. 

10 ml. O'l N — Ja =11.2 ml. at 0”C. and 760 mm. 

= 12.3 c. c. at 30” and 750 mm. 
(30“being the temp, of witer 
in A and 750 mm. the pres- 
sure of the atmosphere at ^he 
time of the experiment ) 

Vol. of water in G = 416 ml. 

416+ 12’3, i. e., 428. ml. contain 12.3 ml. SOg 

% SOg by volume = 2.8 
Notes : — 

1. The method described above is known as 
Reich’s method and is the one adopted for the determi- 
nation of SOg in the gases from sulphur burners in 
tulphuric acid plants. 

2. Automatic recorders have been installed in 
recent years for indicating the percentages of SOg in 
the gases from the roaster furnaces of copper smelting 
works. The Indian Copper Corporation Works at 
Moubhandar, Singhbhum, has such an installation. 

EXPERIMENT 92. 

Analysis of Mine Air. 

General Remarks : — 

For the safety and the health of workers in mines, 
it is necessary to examine samples of mine air regularly. 
3 volumes of CO* are present in 10,000 volumes of 
fresh air. A sample of air containing about 8 % of 
CO 3 is dangerous to breathe. An increase in the COg 
content of .mine air may arise from one of several causes. 
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improper ventilation, drawing a sample of the gas 
immediately after explosives have been used for blasting, 
etc. Apart from discomfort to workers, serious accidents 
costing the lives of many workmen may occur through 
the use of naked lights in mines which are gassy, i.e., 
which give off marsh gas. A qualitative idea of the 
amounts of this gas present in a coal mine may be 
gained by an observation of the height of the blue 
cap appearing in the flame of a safety-lamp. But on 
account of the great variations in the capacity of 
observers, it is difficult to state, even approximately, 
the percentage of the gas in a sample of mine air. The 
only reliable method of examination is to make an 
analysis of the gas. The principles governing the 
analysis of a sample of mine air are the same as those 
already described for the analysis of Bench-gas or flue- 
gas. But on account of the importance attaching to the 
safety and the health of workers, a more exact analysis 
is required. The apparatus in use has been designed 
to contain a much smaller volume of the sample and 
while being of the same height as the Hempel or the 
Orsat burette, the diameter of the same is much smaller, 
making graduations to xpth ^ possi- 

ble. Also, on account of the solubility of CO^ in 
water, mercury is generally used as the confining 
liquid. 

On account of the importance attaching to the 
results of examination of a sample of mine air, it is 
necessary to draw samples from a number of points, 
from ‘neat the roof, the floor, and return airway, in 
separate bottles and to see to it that they do not under- 
go ^7 change in transit to the laboratory where they 
are to be analysed. 
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Glass-stoppeted bottles, the body and the stopper 
having the same numbers etched on them, free from 
leaks and of about 100 to 120 ml. capacity are used. 
The stoppers ate greased with a mixture of two parts 
beeswax with one part of Venetian turpentine or with 
petroleum jelly. Leaks are detected by immersing the 
stoppered bottle, suitably, weighted to prevent it from 
tilting, in a beaker of water and heating the water. 
No bubbles of gas should appear, or, on cooling 
the water in the beaker, no water should enter the 
bottle. 

Such a bottle should be filled with mercury and 
carried to the mine from which a sample is to be 
drawn. After pouring out the mercury into a suitable 
reservoir, the stopper is replaced and a rubber band put 
on so that the stopper is held in position. This is then 
sent to the Laboratory. 

In the laboratory, this is inverted over a trough of 
mercury so that the neck is dipping into the surface of 
mercury. The stopper is removed, one end of a bent 
capillary tube is inserted into the bottle, the other end 
is connected by means of a short piece of thick rubber 
tubing to a Hempel burette filled with mercury. A 
sample of gas is drawn into the burette by producing 
negative pressure, that is, by lowering the levelling tttbe 
of the Hempel burette. 

The gas so drawn is then analysed as in Expts. 88 
and 89 using the apparatus described thereunder. *The 
following is a description of the apparatus designed by 
Dt. J. S. Haldane for the analysis of mine ait which 
makes it p5$s^ble to obtain results correct to.fhj^ sec^d 
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place of decimals. The apparatus is shown in Fig 37. 
The burette A which is of 21 m,l. capacity consists of 
a bulb of 15 nal. volume blown on to a narrow 
tube, which is graduated from 16 to 21 ml. in one- 



Fig. 37. 

hundredths of a ml. The lower end of the burette is 
attached by pressure tubing to a levelling tube B. 
Mercury is the confining liquid used in the burette, 
A three-way tap V is blown on the top of the burette; 
one of this tap is connected to the .absorption 
67 
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bulbs through the three-way tap C, whilst the other is 
provided for the filling of the burette with gas sample. 

The tap C comm uni cates in one direction with the 
methane combustion bulb D, and its third limb connects 
through the tap E with either the potash bulb F or the 
pyrogallate bulb G. 

The methane combustion bulb consists of a /tube 
attached to the three way tap H. A mark is made on the 
capillary tube at M. The bottom of the bulb is closed 
with a three-holed rubber stopper, firmly held .in place 
by first coating it with paraffin wax and pressing it 
firmly home into the bulb whilst the latter is sufficiently 
warm to soften the wax. Through two of the holes in 
the cork are passed glass tubes carrying the leads to a 
spiral of platinum wire. These consist of stout copper 
wire soldered with special solder or fused to platinum 
wires which in turn are fused into the top of the glass 
tubes. These are of such size as to give little ‘play* to 
the copper wires. To the ends of the platinum wires, 
which should be about 1 inch apart, there is fixed a 
platinum spiral, made from 40 gauge wire. Through 
the third hole of the cork there is passed a straight glass 
tube connected by pressure tubing to the mercury reser- 
voir K. A current of 2 amperes at a minimum of 4 
volts is sufficient to heat the wire. 

The pyrogallate absorption bulb G is of the usual 
form, having fused-on bulbs aj, a^, which serve as a 
water-seal. The tube is filled through the lower tubu-^ 
lure, to which is attached a length of J inch diameter 
rubber tubing ; care must be taken in filling the bulb 
that a sufficient volume of solution is introduced so 
that when it stands in the bulb at the refetence mark L, 
the side bulb contains sufficient solution to prevent air 
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being, drawn into the absorption bulb, and, further that 
the volume of water in the lower bulb effectively seals 
the whole bulb. The rubber tubing is closed by a long 
length of glass tubing, tightly fitting into the tube and 
wired thereto. It is advisable to keep an empty beaker 
below G in order to collect any solution that may leak 
or escape and thus prevent the damage to the surface 
of the working-bench. 

The potash bulb which has a reference mark at O is 
connected to a Y tube, one limb of which is connected 
to the reservoir Y, the other to a capillary tube R, upon 
which there is a reference mark N. The top of R is 
connected through a three-way tap P to the ‘compensa- 
tor bulb' S. This bulb and the burette are immersed 
in the water jacket T in order to maintain a uniform 
temperature. For continuous or routine work, it is 
advisable to lead a current of cold water at the lower 
end of the jacket tube and to take it away from the top 
by means of rubber tubing attached to a glass- tube 
passing through a one-holed cork. 

The compensator is a closed bulb of the same 
volume as the burette ; it is for the purpose of correct- 
ing any changes in pressure and temperature that may 
take place in the course of an analysis. The principle 
adopted is to enclose therein a fixed volume of air at 
atmospheric pressure^ and at the temperature of the 
water in the jacket T. The volume of the gas in the 
burette is always read against the pressure of the gas 
in the compensator, by using the potash pipette and 
c onn ecting tube R as a pressure gauge. That is, the level 
of tlie potash for every reading of the burette is brought 
to the mark N by the reservoir Y and then by manipul- 
ation of the levelling tube B, the potash in F is adjusted 
to mark O, when the burette is read. 
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Notes : — 

When putting the burette A into communication 
with any of the absorption bulbs, the level of mercury 
in B must be above that in A. This procedure will pre- 
vent the solutions being carried over or sucked into A. 

Adjustment of tlie A pparatus prior to an Analysis: — 

The pressure throughout the apparatus is adjusted 
as follows: the mercury in the burette is brought tc^ the 
tap by opening V and raising B. The levelling tube B is 
placed in such a position that the level of the mercury 
is about level with the bottom of the bulb on burette A; 
tap V is then opened to the atmosphere and a volume 
of air of about 16 ml. is drawn in. When the levels 
of mercury in A and B are equal, V is closed. Tap H 
is so turned that tap C, the atmosphere and the mercury 
in D are in communication. Reservoir K is raised so 
that mercury is brought exactly to the mark M in the 
pipette D. Tap H is then turned so that it only commu- 
nicates to tap C and the pipette D. 

A slight pressure is placed on the air in A, taps V, 
C and E are turned to put G in communication with A, 
when by manipulation of the levelling tube B, the pyro- 
gallate solution is brought to the mark L. Tap E is 
now closed. The tap P is turned so that connection is 
established between the compensator, the atmosphere 
and the tube R. The potash solution is adjusted to the 
mark N by manipulation of the reservoir Y ; the tap is 
now turned so that communication only exists between 
R and the compensator. The level of the potash *in F 
is then adjusted to mark O by manipulating the levelling 
tube. The level in R should then be at N. 

The a^|}a^atus is now r^ady for use. 



Transference of sample from bottle to the burette 

A Capillary tubing suitably bent has one end dipping 
into the mercury in the trough while the other end 
connects by a short piece of pressure tubing with the 
burette top. The reservoir B is raised so that the 
level of the mercury therein is w’ell above the top of 
the S-like bend on the burette. Tap V is placed in 
communication with the S bend and as the mercury 
reaches the top of the S bend, V is closed, then gradually 
opened so that the mercury flows slowly down the S, 
and finally a few globules overflow at the other end, a 
point ascertained by raising the end slightly above the 
level of mercury in the trough. Tap V is closed, 
levelling tube B is lowered so that the level therein is 
about the bottom of the burette. 

The bottle containg the sample of gas to be analysed 
is inserted mouth downwards in the trough and held 
suitably to prevent it from tilting. The stopper is 
removed, the end of the S tube inserted into the 
bottle so as to reach nearly to the top of it. Tap V 
is slowly opened and a sample of gas is drawn into the 
burette to the 21 ml. mark, B is raised so that the levels 
of the mercury in B and A are approximately between 
the 20 and 21 ml. mark. Tap V is closed. A slight pressure 
is put on the gas by raising B, the tube S withdrawn 
from the bottle, tap V is momentarily opened to the 
atmosphere atid then closed. A sample of gas at 
atmospheric pressure is thus contained in A. B is raised, 
the burette A is placed in communication with the 
potash bulb, the level in R is adjusted to N by means 
of the reservoir Y, and, finally, by manipulation of B 
the potash is brought to the mark O. The levels of 
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the potash solution being at O and N, the volume in 
A is read off by means of a lens. This is the volume 
taken for analysis. 

Procedure : — 

CO2 — Gradually raise B passing the sample of gas 
into F, lov er B and draw the gas back into A. Repeat 
this two or three times. Adjust the potash solution 
to the mark N in R and to O in F by manipulationj of 
Y and B. Note the volume in A. To see if all the 
has been absorbed, repeat the above process.' If dhe 
reading is constant, record it. Calculate % of COg. 

CH4 — Turn tape to connect D with the burette A and 
to close the connection to E. Raise B to pass the gas into 
D. Switch on the current, with all the resistances in; 
cautiously cut them out until the spiral just becomes 
visibly red. Slightly lower B, taking care not to bring 
the mercury into contact with the glowing spiral. 
Raise B so as to pass the gas again into D. Repeat the 
process two or three times. Switch off the current. 
Allow the gases to cool. Lower B until the mercury 
in D is at M. Note the volume in A. Pass the gases 
into the potash pipette and draw back into the burette. 
This step carries small amounts of methane enclosed in 
the connecting tube to A. Pass the gases again into the 
combustion pipette, switch on the current, pass and 
repass as before, switch off the current, allow to cool 
and draw the gases back into the burette. Adjust the 
mercury in D to the mark M by manipulating B. Close 
C to disconnect D. Slightly compress the gas in A. 
Open E to connect with the potash bulb. Adjust* the 
solution to marks N and O and then read the volume. 
Half of the contraction equals the volume of methane. 
Calculate tjje % of C H<. 
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Confitffl the tesult by determining the amount of 
COg formed. Carry out this exactly as in determining 
COj in the original sample of gas. The volume of 
COg formed by the combustion of methane equals the 
volume of methane present. 

Determination of oxygen : — 

Close the tap E. Put a slight pressure on the gas in 
the burette. Turn E to connect with the pyrogallate 
pipette G, and pass the gas into it. Leave the gas in 
contact with the reagent for 5 minutes after closing E. 
Withdraw the gas into the burette. Sweep out the gas 
in the connections to the potash pipette and then pass 
the gas slowly into D. Take back the gas into the 
burette. Repeat the operation of passing the gas into 
D and taking back into A three or four times. Finally 
adjust the level of the pyro solution to mark L, close 
E, slightly compress the gas in A, put the burette in 
communication with the potash bulb by suitably turn- 
ing E, measure off the volume in A after bringing the 
KOH solution to the marks N and O. Volume of 
oxygen in the sample equals the volume absorbed by 
the pyrogallate plus twice the volume of methane 
present. 

Notes : — 

(1) It should be remembered that the oxygen 
for the combustion of methane was obtained from the 
gas mixture. The volume so required is twice the 
volume of methane present. This will be seen from 
the equation : — 

. CH4f20, — > CO, + 2H,0 

IVol. + 2Vols. — ^ IVol + 2Vols. 

The water formed occupies a negligible volume. 

(2) A thin layer of dilute sulphuric acid. (1:10) 
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is inttoducced into the burette and the compensator. ■ 
This furnishes the necessary water which catalyses the 
combustion of methane and prevents the absorption of 
COg that is formed by any alkalinity of the glass parts. 

(3) The mercury required in connection with gas 
analysis is purified from time to time by passage thro- 
ugh a long column of dilute nitric acid of s. g. 1,1 The 
apparatus used is shown in Fig. 38. T is a glass-tpbe, 
24-30 inches long and about 1 inch in diameter, ^t is 

closed at the bottom by a one-holed 
cork. Through this passes a glass tube 
bent into the form shown and is flush 
with the cork. B is a beaker in wliich 
pure mercury collects, the impure mer- 
cury being made to run from the bottle 
I via the tubulure through the funnel 
into the column of dilute nitric acid in 
T. Above the cork there is placed a 
column of pure mercury about half to 
one inch in height. The stem of the 
funnel is so bent that the falling mer- 
cury takes a zigzag course in a thin 
stream, the stream being regulated by 
the pinch-clamp P. The zig-zag path 

and the thin stream ensure a better purification. When 
poured into a porcelain dish and tilted to a side, pure 
mercury leaves no trail behind. Impure mercury does. 

(4) The following table shows the chemical names 
of gases and their equivalents in mining phraseology; — 

( 1 ) Methane Fire-damp 

( 2 ) Carbon dioxide Chokedamp, blackdamp 

(3) Carbon monoxide White damp 

(4) Hydrogen Sulphide Stink damp 
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EXPERIMENT 93 A 
Analysis of Sulphate of Ammonia. 
Moisture : — 


Weigh into a previously weighed flat bottomed 
dish 5 gms. of the sample and dry in an air oven 
to constant weight at The loss in weight 

represents the moisture in 5 gms. Calculate the percen- 
tage of HjjO. 

NH, 

Principle : — 

When a solution of NaOH is added to ( NH^ % SO^ 
solution, ammonia is liberated. This is distilled off 
into a measureef volume of 0-5 iV HaSO,. The 
volume of acid unused is found out by titration with 
0'5 N NaOH. From the volume of acid used, the 
ammonia is calculated. 

Procedure : — 


Weigh 10 gtns. of the sample into a 250 ml. beaker. 
Dissolve in water and transfer to a 500 ml. measuring 
flask. Make up to the mark. Mix well. Transfer 50 
ml. of the solution by a pipette to a 500 ml. round- 
bottomed flask and fit up as in Fig. 15b, Experiment 39. 
Introduce 10 ml. of 30% NaOH solution. Dilute to 
300 ml. with distilled water. Distil into 40 ml. 0*5 iV 
HaSO^ until about 100 ml. have distilled over. Titrate 
with 0-5 IV NaOH using methyl orange as indicator. 
Example : — 

Wt, of sample 10 gms. 

Solution in water made to 500 ml. 

• 50 ml. solution corresponding to 1 gm. used. 

Volume taken = 40-0 ml. 0*5 N-FI,SO, 


Vol^e to reaal , g.j 

With excess acid ) . . 

* 
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Hence, 0’5 N^HjSO^ used to react with NHj=28*0 ml# 
1 ml. 0-5 N-Hj SOt = 0.0085 gm. NHg 

28 ml, „ = 28 X 0.0085 „ 

% NHg in the sample = 28 x 0.0085x100 

= 23.8 

Free acid : — 

Dissolve 10 gms. sample in a 250 ml. beaker in 50 
ml. water. Add a few drops of methyl orange. Run 
O’l 2V-NaOH until yellow colour appears. \ 

1 ml. 01 N-NaOH=0*0049 gm. H^SO] 

Note ; — 

Free acid in sulphate of ammonia is injurious both 
to the container bags and the soil t5 which it is applied 
as manure. 

EXPERIMENT 93 B 
Ammonia in Ammoniacal Liquor. 

The ammonia in the liquor is present in solution as 
NH 4 OH, (NHJa COg and (NH,)gS. From these, NHg is 
evolved on boiling. It is also present in small quanti- 
ties as chloride, thiocyanate, etc. From the latter the 
ammonia is evolved only on boiling with caustic alka- 
lies. The ammonia in the former case is spoken as of 
‘free ammonia* and in the latter, as ‘fixed ammonia*. 

Procedure for Free Ammonia :■ — 

Fit up the apparatus shown in Fig. 1 5b (Experiment 
39). Indroduce 10 ml. of the ammoniacal liquor into 
the round-bottomed flask. Dilute to about 300 ml. 
with water. Distil for about 20 minutes, receiving the 
distillate in 20 ml. 0*5 N-HjSOg. Titrate the tecess 
acid against 0*5 NaOH, using methyl orange as 
indicator. Calculate % of ammonia. 1 ml 0*5 
N-NaOHoO-0085 gm. NH,. 
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' Procedure for Fixed Ammonia 

Cool the liquid in the round-bottomed flask to 
Laboratory Temperature. Add 15 ml. of 30% NaOH 
solutiqn to the contents of the flask and distil. Pass 
the distillate into 15 ml. of 0-5 N-HjSO,. When about 
100 ml. distillate have been obtained, disconnect. 
Titrate the excess acid as before. Calculate the % of 
fixed ammonia. The sum of ‘free ammonia’ and ‘fixed 
ammonia’ gives the ‘total ammonia’. 

EXPERIMENT 94. 

Estimation of Acidity or Alkalinity of a 
Lubricating oil. 

The process of refinement of a mineral oil for lubri- 
cation consists in agitating it in tanks with cone. Hj- 
SO<, allowing to settle, drawing olf the oil, agitating it 
with water to free it from acid and ultimately agitating 
it with Na-OH solution followed by water. Due to 
a hurrying through of the process, either HsSO^ or 
NaOH may be present in the oil. The former leads to 
corrosion of the parts to which the oil is applied. 
The latter has also a corrosive action on parts of bea- 
rings which are usually made of non-ferrous alloys. 

When a vegetable or animal oil is used for lubriea- 
tion, the acid present is an organic acid. It is the re- 
sult of decomposition of the oil due to the presence of 
moisture, exposure to the atmosphere, etc. Such acidi- 
ty has also a corrosive action on metals. 

The forms in which tlie acidity is expressed are ^ 

(1) gms. H,SO, per 100 gms. oil, 

(2) gms. oleic acid „ „ (formula of oleic acid 

QsHsA) ^ .. 

(3) number of mgs. KOH to neutralise the acid 
in 100 gms. of the oil. 
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Principle : — 

When the oil is shaken with water in a conical flask, 
the acid is carried by the water which settles to the bot- 
tom as a layer. When a standard solution of KOH is 
added from a burette to the water layer so obtained, the 
acid is tieutralised and phenolphthalein indicates the 
point at which the alkali addition is to be stopped. 

A. — Procedure for H2SO4 in a lubricating oil : 4 — 

Shake 100 gms. of the oil in a separatory funnel 
(See Fig. 41) with 100 ml. of warm water. Allow 'to 
separate. Draw off the lower acid layer into a clean 
flask. Repeat shaking with warm water, allow to settle, 
draw off the lower layer and add to the first portion. 
Cool to room temp. Add from a butette ©.lAT-KOH 
using methyl orange as indicator, until a light yellow 
colour appears. Express the acidity in mgms. of KOH 
per 100 gms of the oil. 

B. — Procedure for total ( organic and inorganic ) 

acidity : — 

Weigh 10 gms. of the oil into a 300 ml. conical 
flask. Add 50 ml. of neutral 95% alcohol. Heat 
on the water bath to 60°C. and shake w’ell. Add 1 ml. 
of a 0.5^ solution of phenolphthalein and titrate with 
O-liV-KOH. Express the acidity as above, i. e., in 
mgms. of KOH per 100 gms. oil. 

Organic acidity : — 

Subtract the value for A from the value for B. The 
difference represents the value for Organic acidity. 

NOTES : — 

(1) The addition of alcohol in B serves to dissolve 
the organic acids present. Heating to helps 

solution of the organic acids in that medium. Water 
does not dissolve the organic acids of high mol. weight. 
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(2) 1 ml. of 0'liV-K.OH— 0.0282 gm. of oleic acid. 

(3) In the absence of 95 "i alcohol, methylated spirit 
neutralised with 0-lN— KOH using phenolphthalein 
as indicator may be used. 

EXPERIMENT 95 
Flash Point of a lubricating oil. 

The flash point of an oil is the temperature at 
which the vapour issuing from the oil gives rise to a 
momentary flash of light when a flame is introduced 
into it. , The test is of importance as indicating the 
fitc risk. Oils with low flash point are obviouly not 
suited for the lubrication of machinery in a texile mill 
where there is much of fibre in the form of 'fluff’ 
floating in the atmosphere. In some cases, the flash 

✓ 

point gives an indica- », 

tion of the constitu- ^ 

tion of a blended oil. » 

Oils from Texas and 
California having the 
same viscosity as those 
from Pensylvania have 
a lower flash. The 
apparatus used is 
known as the Pensky- 
Martens tester. A 
sketch of the appa- 
ratus is given in Fig. 

41 a. C is a silver- 
plated brass cup with 

Fig. 41 a. 

a flange. It has a line engraved inside all rouird, 
about 1 cm. below the top. By means of.the flange 
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it rests on a cast iron block of metal which has a hole 
sufficiently large for the reception of the cup and to 
have an air space all round the cup. The block of 
metal is supported on a tripod. A Bunsen burner 
heats the block and thus the air surrounding the cup 
forms an air bath. A cover with three slots fits on to 
the cup. Through the centre of this passes a shaft which 
has two sets of blades fitted to it. One set, the lower o^e, 
stirs the oil ^ when a determination is being made and 
the other stirs the air-vapour mixture. At tho top of 
the shaft is a bevelled gear wheel engaging with a 
second bevelled gear wheel fixed at the end of i 
horizontal shaft. By means of the handle H, the stirrer 
shaft S can be so rotated that the stirrer moves or 
remains stationary. When the gears do not engage 
each other, a brass cover with slots similar to those on 
the lid proper can be so moved that the test flame from 
the burner is made to dip momentarily into the vapour. 
Normally the slots on the topmost lid do not come 
opposite the slots on the cover proper, so that during 
an experiment, the vapour is confined in the cup. As 
indicated in the notes below, the cup, the spindle 
with the two sets of vanes and the cover must be 
wiped, after each experiment, with pieces of filter 
paper, until clean. 

There are two holes in the cover with slit, cylindri- 
cal projections. These are for the insertion of thermo- 
meters. The bulb of one is immersed in the oil and 
that of the other is in the vapour space. 

Procedure?— 

Fil] the. cup with oil up to the gauge mark. About 
75 mL of the oil will be required. 

, , Place cov^f with the thermometer in position. 
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Light the injector burner. The gas should be so 
adjusted that the flame is about long. Heat the 
apparatus by a Bunsen burner. Stir so that the stirrer 
makes one revolution per second. The rise of tem- 
perature should be 7®-8® F. per minute. When the 
temperature of the oil is approaching that at which 
the oil flashes, the ignition burner is injected for about 
2 seconds every half minute until a distinct flash is seen 
within the cup. The flash is quite distinct if the test 
be performed in a darkened room. The vapour from 
some oils extinguishes the injector flame at the begin- 
ning but as the temperature of the oil rises, and ap- 
proaches the flash point, there will be no difficulty 
experienced. 

NOTES : — 

(1) The tester should not be moved from place to 
place after it is filled with oil. The sides are wetted 
above the gauge mark by the splashing of the oil, if 
this precaution is not observed. 

(2) For all oils above 1200F. flash point, this is 
the tester most widely used. For oils having a 
low flash point, the Abel apparatus is used. See 
Expt. 96. 

(3) Empty out the oil. Wipe out with 
pieces of filter paper the oil that is still adhering 
to the wall of the cup. Rinse the same with a 
few ml. of petroleum ether or ethyl ether. Blow into it 
with footbellows a blast of air. This will leave the 
cup clean and free from vapour of the rinsing liquids. 
The silvcrplating is removed by tough cleaning 

with sand. 
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EXPERIMENT 96. 

Determination of Flash Point of an oil using 
the Abel apparatus. 

This apparatus is shown in Fig. 41 b. This has 
been designed for determining the flash-point of oils 
having a flash-point ranging from 60® F to 150° F. It 
consists of a cylindrical copper screen mounted on fcfet 



Fig. 41 b. 

which serve to support the copper water vessel. This 
has a central cavity for the reception of the oil cup. 
This is of smaller dimensions than the cavity so that 
the cup, during an experiment, is heated by an air bath. 
This cup has a tight fitting cover which sockets on to it. 
A thermometer having a range of 60°F. to 150°F. is se- 
cured in ajQxed brass collar. This in turn fits into a socket 
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in the covet. If the collar is pushed home against the 
socket, the bulb of the thetmometet always occupies 
a definite position in the oil cup, thus making it possible 
to obtain nearly concordant results on the same oil. 

A clock-work mechanism is provided which makes it 
possible to introduce the test flame in the vapour 
space at tegular intervals of temp, through slots on a 
sliding cover, which slots come opposite similar slots 
made on one half portion of the cover proper. Normally 
the slots in the latter remain covered by the unslotted 
portion of the sliding cover. A small bead of O’ 15 
inch diameter is provided on the covet of the cup. 
This is to indicate the size of the test flame to be used. 
This may be either an oil flame or a gas flame. A 
screw clip is provided on the rubber connection to 
the gas-tap to enable one to regulate the gas supply 
and thus obtain the flame of the required size. The 
cup has a gauge pin. It is filled with oil to the tip of 
the pin when making an expriment. 

The water jacket is provided with a thermometer 
on which the 130 degrees Fahr. mark is clearly defined. 
This water bath is heated by a lamp mounted on a swivel 
attached to one of the legs of the stand. When a 
number of determinations have to be made, the water- 
bath may be lifted out of its support and heated by a 
low Bunsen flame to 130®F. 

Procedure : — 

Place the apparatus in a position free from draughts. 
Pour water into the funnel until the water overflows 
through the spout of the bath. Heat the water to 130“F 
and place the bath in the cylindrical support. Cool 
the oil to 60“F., in case it is at a higher temperature. 
( Iced water or water stored in a fresh mud pot may 
be used for the purpose. ) Pour oil. into the cup until 
the tip of the gauge pin is just covered, -insert the 

69 
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thermometer into the socket in the covet. Put this 
on the cover with the slide closed. Place the covet 
ip positipn so that it tightly closes the cup. Apply 
the test flame for every degree rise in temp. The flash 
point is the lowest temperature at which a momentary 
blue flame is seen to spread over the whole surface of 
the oil. This is usually accompanied by a slight report, 
a *pop’ and the test flame is extinguished. 

Notes : — 

(1) The same precautions in cleaning the cup, t^e 

cover and the thermometers as with the Pensky-Martih 
apparatus are to be taken before introducing a fresh 
sample of oil for examination. ' * 

(2) When oils with a flash point above 150®F. are 
to be tested, it is permissible to introduce in the air 
chamber in the water-bath cold water to a depth of 
1.5 inches, the water in the jacket itself being at 12CPF. 
Insert the cup filled with oil to the gauge pin and 
proceed as before. Introduce the test flame, in the 
initial stages every 3 degrees rise, but at one degree 
intervals after for some minutes when the rise in the 
thermometer slows down. 

(3) A fresh portion of the sample must be u^ed 
for eaeh test. 

EXPERIMENT 97. 

To find the Viscosity of an Oil by the 
Redwood Viscometer. 

The time of flow of 50 ml. of oil at yO^F. expressed 
in seconds is the viscosity of the oil when measured by 
this instrument The object of the test is to find whether 

oil appiited for lubrication is suflidi^tly viscous to 
ai^ere tp the b^ng to which it is applied and to 
Jiessc^^ hetwejen the moving parts or it w «o 
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thiti as to be squeezed out from betweeu the moving 
parts on account of the pressure on the bearing. 

The instrument is shown in Fig. 42. 



Fig. 42. 

It consists of a silvered copper cylinder about 
1 inch in diabieter by about 3^ inch in depth furnished 
with an agate jet. The cylinder is the oil container. 
The exterior of the agate jet and its metal seating 
are made slightly conical and the jet having been 
once fixed in position, no dislodgment nor leakage 
can occur, even when the apparatus is used at high 
temperatures. The copper bath which surrounds the 
oil cylinder and into which the oil cup screws is of 
such a depth that the level of the bath liquid can be 
made to coincide with the level of oil without any 
danger of overflow or splashing into the oil cylinder. A 
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copper tube, closed at one end, projectiugatati angle of 
45® from the side of the bath, near the bottom, provides a 
means of 

heating the bath liquid, and, by the use of a revolving 
agitator, the heated liquid rising from the copper tube 
can be uniformly distributed through the bath. The 
agitator which carries a thermometer or indicate the the 
temperature of the bath is so constructed that splashing 
is prevented. The oil cylinder is provided with a sm^ll 
silvered brass sphere attached to a wire by means of 
which the agate hole is closed or opened. A short 
standard attached to the oil cylinder carries a clip to 
support a thermometer in the oil. Inside the oil cylinder 
and at a short distance from the top is a small bracket 
terminating in an upturned point. The instrument is 
supported on a tripod stand with levelling screws. A 
circular spirit level is provided to fit on the top of the 
oil cylinder. 

Procedure : — 

About 135 ml. of the oil will be required. Pour 
the oil into the cylinder so that it comes up to the 
gauge point. 

The oil in the cylinder is stirred by moving the 
thermometer backwards and forwards in the oil so as 
not to splash the oil. The outer liquid also should be 
kept well stirred. Fix the thermometer about halfway 
between the centre and the wall of the cylinder. Lift 
the ball off. Start the stop-watch. Note the time of 
efilux of 50 ml. in seconds. Surround the 50 ml. flask 
with a liquid at the same temperature as the oil ill the 
cylinder or lag it with cotton-wool. This ensures that 
the 50 ml. collected is at the same temperature as the 
in the aap. 
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The following tkble shows the temperature of the 
liquid in the bath and the temperature at which the 
viscosity measurement is to be made : 


Temperature of liquid 
in the bath. 

Temperature at which 
viscosity is required. 

59.5'»F. 

66'>F. 

eo.s^F. 

60«F. 

142“F. 

140®F. 

205°F. 

200“F. 

260“F. 

250“F 

Class of Oils. 

Temp, at which viscosity 
measurement is made* 

Engine oils 

60“, 70“ and 140“ F. 

Cylinder oils 

20G‘’F and 250“ F. 

Thick Axle oils 

80“F. 


Notes : — 

( 1 ) The viscosity measurement at different tem- 
peratures serves to defect the presence of an adulterant 
such as soap. The fall of viscosity with rise of temp, is 
far greater in the case of a ‘soap thickened* oil than 
with an oil not so thickened. 

( 2 ) A solution of aluminium soap in a mineral 
oil is used as an adulterant. Oils so adultered are 
referred to as ‘soap-thickened* oils. 

( 3 ) To expedite a determination, the oil may be 
heated up to the required temp, and then poured into 
the cup. 

( 4 ) The 50 ml. mark is placed high above the 
neck, fa cili tating disengagement of air bubbles. 
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EXPERIMENT 98. 

Percent of Vegetable or Animal oil in a 
Lubricating oil : — 

Object : — 

A pure mineral oil does not adhere to the surface of 
a steam engine cylinder run on saturated steam. A 
small addition of 2 to 3% of vegetable oil to a mineral 
oil produces the necessary adhesion. But more man 
this is harmful, leading to the corrosion of ^e 
cylinder walls due to the liberation of large quantitips 
of fatty acids from the animal or vegetable oils by the 
action of steam. The test serves to detect any adulte- 
ration. 

Principle : — 

The determination is based on the fact that vege- 
table and animal oils are saponified by treatment with a 
measured excess of a standard alcoholic solution of 
caustic soda or potash, the mineral oils remaining un- 
affected by such treatment. The term ‘saponification’ 
is applied to a chemical change leading to the produc- 
tion of soap, which is the sodium or potassium salt of 
an organic acid and glycerol. 

The excess alkali is subsequently titrated with 0*1 iV 
HCl. The volume of this deducted from the volume 
of OTN-KOH originally used for saponification pro- 
vides the basis for the calculation of the vegetable or 
animal oil present in the lubricating oil supplied. 

Definition. By the term the ‘saponification value’ 
of an <Mi IS meant the number of milligrams. KOH 
required to saponify Igm. of the oil. 

SiiutleMis i^tilred t — 

(1) JHwolve 2.8 gni«. of KOH in 10& tab ¥ 
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rectified spirit of s.g. not over 0.81. This solution 
will be about 0‘5N strong. 

(2) 0-5N-HC1. 

Proc^tire 

Weigh 1.5 gms. of the sample of oil into a 200 
ml. flask shown in Fig. 44. Add 25 ml of 0.5N alco- 
holic potash. A tube 3 ft. long and inch bore 
serves as a condenser for the alcohol. Place the flask 
in a boiling water bath for to Ihour at the and of 
which time the saponification is complete. At the 
sarnie time treat a second flask similarly but without 



rite biL This serves as a control test. During the 
heating of the sample, the potash may absorb CO, from 
the ait or some of it may react with the glass vessel in 

ate 
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cooled, a few drops of phenolphthalein ate introduced 
into each and they are then separately titrated with 
0.5 N. HCl. 

Wt. of flask =46.4534 gms. 

„ „ „ with oil =48.4539 „ 

Hence weight of oil taken =2.0005 „ 

25 ml. of KOH (Control) requires 22.9ml. of 0.5iV-HCl< 
25 ml. ofKOH (Sample) requires 21 ’3 ml. „ „ I 

1 ml. of 0-5 N HCl =*028 gm. KOH 
1-6 ml. „ =28x1.6 mgms.KOH 

2.0005 gm. oil saponified by 44.8 


.*. 100 gms. 


44.8x100 


44-8x100 


"2.0005 “1000x2-0005 


X Saponification value ) _ 44.8 

of the lubricant ) 10x2.0005 

=2.24 

Saponification value of the lubricant is 22.4. See 
the definition. 

Saponification value of the fatty oil known to be 
present in the oil is 180. 

If 180 is the saponification value, fatty oil present 
is 1 gm. 

22*4 “2X2,^ 

»» ” • ” 180” 

22'4 

1 gm. lubricant contains -jg^gm. fatty oil 

tOOgms,, 100= 11^=1 2.4 gms. 

^ Fatty oil in the sample is 12.4. 

Procedure when the nature of the fatty oil 
present is not known : — 

Transfer the product of saponification to a wet 
s^aradngf fuqnel ( Fig. 43. ^ using about 3Q ml. water 
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aod 30 ml. of petroleum ether ( boiling-point below 
80» C ) to rinse the flask. The mixture is shaken, allo- 
wed to separate and the lower layer drawn into a second 
tap fumiel. 

Shake the separated soap solution 
with further charges of petroleum ether 
until it is freed from oil. Evaporate the 
soap solution to dryness in a porcelain 
dish on a steam bath, redissolve in water, 
acidify with a slight excess of 1.15 s. g. 

H,SO^ and heat until the fatty acids 
separate. 

Transfer the fatty acids and sulphuric 
acid and sulphate to a tap funnel. Cool. 

Shake with methylated ether. This dis- 
solves the fatty acids, and, being lighter, 
floats on the top of the aqueous layer. 

Draw this off. Shake with more water and 
draw off the lower water layer. Repeat 
treatment with water until the ethereal 

layer is free from mineral acid. It will be free from the 
mineral acid when a few ml. of the aqueous layer do 
not yield a precipitate with a solution of Bad,. Trans- 
fer the ethereal layer to a weighed flask. Distil off the 
ether on the steam bath. Heat on the steam bath until 
the flask and the acid are constant in weight. Multiply 
the ^ of fatty oil by 1.05 to get the ^ of fatty oil 
present in the lubricating oil. 

Wash the petroleum ether solution of the mineral 
oil in the first tap funnel with small charges of water 
until free from soap. These washings are to be added 
to the main soap solution before taking to dryness. 
70 



Fig 43. 
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If any obstinate emulsion forms and the soap and the 
mineral oil solutions do not separate sharply, add a 
few drops of alcohol. This will effect a sharp separa- 
tion into layers. 

Transfer the petroleum ether solutions to a weighed 
flask, distil off the petroleum ether on a steam bath, 
heat to constant weight. This gives the weight of 
unsaponifiable mineral oil. 

In cases where a precipitate of asphaltic mattef^is 
noticed either in the soap, or the ether solution, it is 
filtered out, washed, weighed and added to the w eight 
of unsaponifiable oil. 

NOTES : — 

(1) When the unsaponifiable oil preponderates as 
shown by the test, the direct estimation of fatty 
acids must be made in estimating the proportion 
of saponifiable matter. When the saponifiable matter 
preponderates, the direct estimation of unsaponifiable 
oil is to be made. 

(2) When a small percentage of saponifiable matter 
is found, it should be remembered that this may be due 
to natural petroleum acids and not to added fatty matter. 

EXPERIMENT 99. 

Determination of the “Iodine Number” of 
Castor Oil. 

( HubPs Method ) 

Definition — The iodine number or value of an 
oil is rhe number of grams of iodine absorbed by the 
unsaturated compounds present in 100 grams of the oil. 

General remarks — Castor oil is a Gdvetnment 
Store Material. Like all materials, purchased by the 
Government, the purchase of this material also is based 
on examination. The iodine number of the 

oil is 84.. . It is m ideal lubricant for aero-en^nes. 
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Principle— When a weighed quantity of the oil 
dissolved in pure chloroform is treated with a measu- 
red excess of iodine chloride solution obtained by mi- 
xing a solution of iodine in alcohol with a solution of 
mercuric chloride in alcohol, the unsaturated fatty acids 
of the oil absorb the iodine. The amount absorbed is 
obtained by titrating the excess of iodine against stand- 
ard sodium thiosulphate solution. 

Reagents : — 

(1) .Iodine solution : Dissolve 10 gms. of iodine 
in 200 ml. of 95% alcohol. Mix this solution with an 
equal volume of mercuric chloride prepared by dissol- 
ving 1 2 gms. of the salt in 200 ml. of alcohol of the 
same strength. Keep the mixture in a glass stoppered 
bottle ( amber colour ). Use the mixed solution for an 
estimation after standing it for at least 12 hours in the 
dark. 

(2) 0,liV K3Cr3 O,. 

(3) NajSjOg solution. This ia standardised 
against the dichromate solution. 

(4) An approximrtely 15% sulution of pure pota- 
ssium iodide in cold recently boiled distilled water. 

(5) Freshly prepared starch solution : 0*2 gm. in 
50 ml. of water. 

(6) Pure chloroform. 

(7) Cold recently boiled distilled water. 

Procedure : — 

Pout a small quantity of castor oil into a clean dry 

specific gravity bottle. Weigh. Transfer a portion to 

a cfean, dry 250 ml. glass stoppered bottle. Weigh 

the S. G. bottle again. Diffetence=oil taken. Add 20 

ml. of chloroform. Shake. When the oil has dissolved, 

introduce 10 ml. of the mixed iodine' mercuric chloride 
. * 
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solution. Shake the mixture gently. Allow to stand, 
in a cool, dark place for 3 — 4 hours. Into a second 
glass stoppered bottle previously cleaned and dried« 
introduce 20 ml. of chloroform and 10 ml. of the io- 
dine mercuric chloride mixture and allow to stand by 
the sample run in the cool, datk room for the same 
length of time. This test serves as the blank run. At 
the end of this time, remove ftom the dark rooip. 
To each of them add 100 ml. of cold water ( reagejpt 
above ) and then 20 ml of potassium iodide soluti(^ 
( 4 ). In case a red precipitate of mercuric iodide 
appears, add more of the KI solution until it disapp- 
ears. Run the thiosulphate from a burette rapidly until 
the liquid is pale yellow ; then introduce 2 ml. of the 
starch solution and finish the titration. The thiosul- 
phate solution must be run in until the blue colour is 
just discharged. The difference between the volumesi 
of the thiosulphate solution requited for the sample and 
the blank gives the amount of iodine absorbed. From 
this the % is calculated. To find the value of 1 ml. of 
NajSjOj solution in terms of iodine, proceed as follows: — 
Run from a burette 25 ml. of OTW-KjCtjOy solution 
into a 250 ml. conical beaker. Add 20 ml. of KI solu- 
tion and 5-10 ml. of 1.1 s.g, HCl. Add the thiosulphate 
ftom a burette until the deep red colour of the liberated 
iodine changes to light yellow. Introduce 2 ml. of 
starch and continue the addition of the thiosulphate 
until the blue colour is just discharged. Normality of 

the thio solution is n being the number of ml. 

of the thio sulphate solution. 1 ml. of 0.1 JV thiosul- 
phatc=0.0127 gm. Iodine. 



CHAPTER XI. 

Sampling. 

Generali — 

Engineering materials are manufactured to conform 
to certain specifications laid down by organisations re- 
presentative of manufacturers, users and scientists. 
These specifications cover both chemical composition 
and physical and mechanical properties. The former 
is determined by the analysis of a few grams of the 
material representing tons of it. Unless the few grams 
of sample are thoroughly representative of the lot, great 
hardship will result to the manufacturer on account of 
of rejection of the lot, when the chemical analysis, per- 
formed on a sample chosen at random, reveals that the 
material does not conform to the accepted specification. 
Or, it may be that the chemical composition shows the 
material to be good but that in service it fails involving 
loss of lives as when a boiler shell bursts or the rail of 
a track breaks. 

Sampling of Steel : — 

To guard against misleading results being arrived 
at, procedures have been developed for the sampling of 
steel while yet in the molten condition. They consist 
in collecting a sample in a spoon as the metal is being 
run out from the ladle into the moulds. If, for exam- 
ple, the capacity of a ladle is 60 tons, samples are drawn 
one* for each 20 tons of metal poured into the moulds. 
It the moulds are each of capacity 5 tons, then samples 
are taken out as the. metal is being run into the fourth 
.eighth an4, twelfth moulds. The moulds^ used for sam-> 
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pling are cast either from iron or steel. Fig. 45 shows 
one such mould. When the metal has solidified, the 
mould is tipped. The test piece is allowed to cool in 
air, the number of the heat and the furnace number are 
stamped on it. A f " diameter drill is used for drilling 
a hole from the bottom of the piece. The drillings 
from the first half inch depth hole are rejected. Only 
drillings from below the first half-inch hole are us^d 
for analysis. The drillings from each of the three test- 
pieces relating to one particular heat are kept jn sepai 
rate bottles. They are each separately analysed. 



Fig. 45. 

In the case of steels containing tungsten and chro- 
mium, an annealing tr^tment is necessary before the 
test-pieces can be drilled. This consists in heating 
them in a furnace to 700 to 800°C. and cooling them 
slowly in the furnace. 
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Hadfiel<i steels contaioing high percentages of man- 
ganese can be drilled with a high speed drill when they 
are at a dull red heat. 

For carbon determination, drillings passing through 
a 20 mesh sieve and retained on a 40 or 80 mesh sieve 
are used. Those retained on the 20 mesh sieve are 
used for the determination of S, P, Mn and Si. 

Sampling of Blister or Refined Copper : — A templet 
covering the entire surface of the ingot is used. Dril- 
lings from the first hole are rejected. Those obtai- 
ned from the deeper holes on the top surface of the im 
got are mixed with those obtained from the bottom 
surface of the ingot, using the templet, the holes made 
being in all cases, of the same depth. This procedure 
is particularly necessary in the case of the metal con- 
taining silver and or gold. 

Sampling of Gold and Silver bullion : — 

The piece is sawn through right in the middle, the 
sawings melted in a graphite crucible, and a sample is 
taken out by means of a scooped — out charcoal rod or 
spoon. This is granulated by pouring into a bucket of 
water. The grains are used for assay. This process 
is known as taking a ‘dip’ sample. 

Sampling of Iron from the Blast Furnace: The 
procedure consists in taking out a sample as the metal 
is running out from the furnace. Two samples are gene- 
rally taken, by means of a spoon, as one-third and two 
thirds of the metal have run out. The metal is poured 
into a cast-iron mould. This is tipped when the metal 
hag solidified. The two pieces for each tap are separa- 
tely drilled and equal weights of drillings from each 
piece are mixed and analysed. In the case of samples 
low in silicon and high in combined carbon, the test- 
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pieces which are about 3'' long and about square in 
section are crushed to powder in a specially hardened 
steel mortar by means of a sledge hammer, 30-40 lbs. 
in weight. It is sieved to pass through an 80 mesh 
sieve. The -f 80 portion is crushed until it completely 
passes through the sieve ; the portions are well mixed 
and then analysed. Fracture of the cast piece indicates 
whether it is to be drilled or powdered. 

Sampling of Ores, Coal, etc. 

General : — The methods evolved for the samplii^ 
.of ores, have for their object equity and fairness to 
those owning deposits, working them and submitting 
them to smelting companies for winning the metals. 
Unlike the practice in this country where the same 
company mines its ore and works it up into finished 
metallic manufactures ^|jpr sale to the consumers, the 
practice in the U. S. A., England, Germany, etc., coun- 
tries has been for one company to work ore deposits 
and tender the ore to a second company which is work- 
ing up the ore into metal. The conditions are similar 
to those that obtain in our country in regard to the sale 
of sugar-cane to sugar refineries. The price paid to 
the cane-grower is on the basis of the sugar content 
of the juice obtained from bis cane. While it is some- 
what a simple matter to draw a sample of juice and 
examine it for its sugar-content, the case is different in 
the case of ores. The deposits, say, of copper ore, 
lead ore, etc., vary greatly in regard to their contents 
both of the basic metals for which they are worked 
and the precious metals which they contain. H^nce 
elaborate procedures have been evolved and prescribed 
for the sampling of the above ores. 

They also necessary for maintaining control on 



efficiency of the processes of recovery and for draw- 
ing up a balance sheet of the input of materials into 
furnaces and the output of metals therefrom. 

Sainpling of Iron ore : — As the ore is bein(^ un- 
loaded from wagons, one basket is set apart for every 
19 baskets. For a 20 ton wagon, the sample thus collec- 
ted will weigh about a ton. This is thoroughly mixed 
by forming a conical pile with the help of a shovel. 
The ore is so piled that one shovelful after another is 
allowed to slide from the shovel always at the apex of 
the cone. This is then formed into a rectangular pile 
about 9' long 6’ broad and^ 5' deep. In forming this 
pile from the conical pile, a certain regularity is obser- 
ved both in the dismantling of the pile and the forming 
of the rectangular pile. The object is to ensure 
thorough mixing. For example, a shovelful is spread, 
then another in continuation ^Df the first and so on until 
the desired length of 9' is completed. Then the shovel- 
fuls are spread in the reverse direction to the original 
until the 5' deep column is reached. This rectangular 
pile is cut into four equal quarters. Any two diagonal- 
ly opposite quarters are mixed, coned and quartered. 
In crushing down large size lumps to small size lumps, 
the point that is borne in mind is that at each succes- 
sive stage of crushing, the weight of material taken shall 
be a definite fraction of the weight of the original quan- 
tity. The crusher used is the Blake jaw crusher. 
See Fig 46. 

If the original size of the pieces is, say, a 2" cube, 
each and if the size of the pieces of crushed material is 
l""cube each (i.e.,) the size becomes halved, then the 
weight of crushed material to be taken and further re- 
duced in size is i.e., | of the original quantity. When 
this condition is satisfied, each original lump, tkh or 
poor, has contributed its ^uota to .the sample. As it is 
71 
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not possible to be counting the number of particles or 
lumps at each stage of crushing, the only way of ensu- 
ring that each lump has contributed to the sample is to 
take 1/n® of the original quantity of the ore if the dia- 
meter of the reduced particle ^s 1/n of the diameter of 




563 


the original particle. When the sample is reduced to 
about lb. by the above process of crushing, coning and 
quartering, the entire quantity is powdered on a buck- 
ing board with a muller. Fig. 47, and passed through 
a 100 mesh sieve. This is stocked in a corked or stop- 
pered container and analysed. The bucking board and 
muller are of hardened chrome steel. The weatherhead 
pulverizer may be substituted. See Figs. 48 a and b. 



Fi/Ec* 48 a. 



Fig. 48 b. 

To expedite the process of quartering ( i.e., ) divi- 
ding the rectangular pile into four quarters and taking 
the diagonally opposite quarters for further reduction, 
a sampler known as the Jones Riffle Sampler shown in 
Figs. 49 a and b is employed. This is made in several 
sizes, the openings in each one being uniform. 




Twt^ry 
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Fig. 49b. 


Sampling of Coal: — 

As in the case of iron ore, samples are drawn 
at the time of unloading of coal from wagons, one 
basket of coal being set apart for every 19 baskets 
of it sent to the boiler plant or other umt of a 
works. The sample is formed into a conical pile, 
always dropping shovelfuls at the same apex point to 
ensure uniformity of mixing. It is then pressed down at 
the apex, then formed into a rectangular pile, divided 
into four quarters, any two of the diagonally opposite 
quarters being taken for a sample. This is further cru- 
sh^, coned and quartered until a quantity wdghing 
about 30 lbs. is obtained. The American Society for 
Testing Materials gives the following schedule re 
reduction in size 


566 


Weight of sample 
to be divided^ lbs. 


1000 or over 

500 

250 

125 

60 

30 


Largest size of coal and im- 
purities as estimated by the eye, 
allowable in sample before di- 
vision ( inches ). 


1 

3/4 

1/2 

3/8 

1/4 

3/16 or to pass a 4760-mic- 
ron ( No. 4 ) sieve. . ^ 


The 30 lb. sample is passed through a Jones riffle 
sample with ^ or divisions. The 15 lb. quantity is 
powdered in the weatherhead pulverizer and passed 
through a riffle with ^ to -g" divisions for reducing the 
quantity passing through the 250 micron (No. 60) 
sieve to the laboratory sample which is about 50 gms. 
This is immediately transferred to a glass-stoppered 
bottle. 

Sampling at the working face of a seam as laid 
down by the Indian Coal Grading Board preparatory 
to analysis : — 

The face of the coal seam to be sampled is first 
dressed down from top to bottom and fresh -surface 
exposed. Two vertical lines about a foot apart are 
chalked out from top to the bottom of the section of 
thg’s^am fO'-'l^e sampled. The stone and shale bands 
which arc usually picked out from the loading are chal- 
ked out between fte vertical lines. Coal about 6 to 8 
inches in depth is cut from the top to the bottom 
of the section and bani^s of shale or stone, etc., are 
left in tact in the seam?\rhe coal is crushed, coned 
and quartered until the weighs about 30 lbs. 
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This IS then put in an air-light container, sealed and 
sent to the Government Test House at Alipore, Cal- 
further reduced to the laboratory 
sample of 50 gms. passing through a 60 mesh sieve for 
analysis,, 



Fig. 50. 


Manganese ore is sampled much in the same man- 
ner as iron ore. 

, A laboratory type edge-runner is shown Ih Fig. 50. 

• • I . 



Books for Further Study 

1. ‘The Chemical Analysis of Steel Works’ Materials’, 
by F. Ibbotson. 

2. ‘The Analysis of Non-Ferrous Metals and Alloys’ by 
F. Ibbotson and L. Aitchison. 

3. ‘The Metallurgist’s Manual’ by T. G. Bamford ai^d 
H. Harris. 

4. ‘Metallurgical Analysis’ by N. W. Lord and D. 

Demorest. \ 

5. ‘The Sampling and Chemical Analysis of Iron and 
Steel’ by O. Bauer and E. Deiss translated 
by W. T. I Hall and R. S. Williams. 

6. 'Assaying in Theory and Practice’ by E. A. Wraight. 

7. ‘Notes on Assaying’ by R. W. Lodge. 

8. ‘A Text Book of Fire Assaying’ by E. E. Bugbee. 

9. ‘Text Book of Rand Assay Practice’ by F. Moir 
and G. H. Stanley. 

10. ‘Quantitative Chemical Analysis by Electrolysis’ by 
A. Classen and W. T. Hall. 

11 . ‘Tested Methods of M^etal Analysis’ by B. T. Kitto. 

12. ‘Manual of the Chemical Analysis of Rocks’ by H. 
S. Washington. 

13. ‘Analysis of Coal and Its By Products’ by S. R. 
Illingworth. 

14. ‘Methods of Air Analysis’ by J. S."Haldane. 

15. ‘Gas Analysis’ by L. M. Dennis. 

16. ‘Standard Method's of Testing Petroleum And Its 
Products* by the Institute of Petroleum Techoolo- 
gists» London. 



table 1- 

International Atomic Weights. 
1933. 



Atomic 

Weight 



1 . Aluminium 

2. Antimony 
8. Argon 

4. Arsenic 

5. Barium 

6. Beryllium 

7. Bismuth 

8. Boron 

9. Bromine 

10. Cadmium 

11. Calcium 

12. Carbon 

13. Cerium 

14. Cesium 

15. Chlorine 

16. Chromium 

17. Cobalt 

18. Columbium 

19. Copper 

20. Dysprosium 

21. Erbium 

22. Europium 

23. Fluorine 

24 Gadolinium 

25. Gallium 

26. Germanium 

27. Gold 

28. Hafnium 

29. Helium 

30. Holmium 
81. Hydrogen 

32. Indium 

33. Iodine 
34.. iridium 

35, Iron 

36, Krypton 

37, Lanthanum 
88. Lo^d 

39. Lithium 

40. Lutecium 

41. Magnesium 

42. Manganese 

43. Mercury 


13 

26,97 

51 

121.76 

18 

39.944 

33 

74.93 

56 

137.36 

4 

9.02 

63 

209.00 

5 

10.82 

35 

79.916 

48 

112.41 

20 

40.08 

G 

12.00 

58 

140.13 

55 

132.81 

17 

35.467 

24 

52.01 

27 

58.94 

41 

93.3 

29 

63,67 

66 

162.46 

68 

167.64 

63 

152 0 

9 

19.00 

64 

157.3 

31 

69.72 

32 

72.60 

79 

197.2 

72 

178.6 

2 

4.C0J 

67 

168.5 

1 

1.0078 

49 

114.8 

53 

120.92 

77 

198.1 

26 

65.84 

30 

8a 7 

57 

138.92 

82 

207.22 

8 

6.940 

71 

176.0 

12 

24.32 

26 

64.98 


80 200.61 


|44.Molybdenu Mo 
45.Neodymiu Nd 

4G. Neon Ne 

47. Nickel Nj 

48. Nitrogen N 

49. Osmium Os 

50. Oxygen 0 

51. Palladium Pd 

52. Phosphorui P 

53. Platinum Pt 

54. Potassium K 


55. Praseody- 
mium 

Pr 

66, Eadium 

Ra 

57. Radon 

Rn 

68. Rhenium 

Re 

59. Rhodium 

Rh 

60, Rubidium 

Rb 

61. Rutheniun 

i Ru 

62. Samarium 

Sm 

63. Scandium 

Sc 

64, Selenium 

Se 

65. Silicon 

Si 

66, Silver 

Ag 

67. Sodium 

Na, 

68. Strontium 

Sr 

69, Sulphur 

S 

70, Tantalum 

Ta 

71, Tellurium 

Te 

72, Terbium 

Tb 

73, Thallium 

T1 

74, Thorium 

Th 

76. Thulium 

'm 

76, Tin 

In 

77. Titanium 

Ti 

78. Tungsten 

W 

79. Uranium 

V 

80. Vanadium 

V 

81. Xenon 

Xe| 

82. Ytterbium 

Yb 

83, Yttrium 

Y 

84. Zinc 

Zn 

85. Zirconium 

Zr 


42 

GO 

10 

28 

7 

76 

8 

46 

15 

78 

19 

69 

88 

86 

76 

45 

37 

44 

62 

21 

34 

14 

47 

11 

36 

16 

73 
52 
65 
81 
GO 

69 
50 
22 

74 
92 
23 
54 

70 
89 
30 
40 


Atomic 

Weight, 


9C,0 

144.27 

20,183 

58.G9 

14.008 

190.8 

16.00 

106.7 

31.02 
195.23 

39.10 

140.92 

225.97 
2 12 . 
186.31 
102.91 
85.44 

101.7 
150. 4S 

45.10 

79.2 
28.06 

107.880 

22.997 

87.63 

32.06 

181.4 

127.6 

159.2 
204.39 
232.72 

169.4 
118.70 

47.90 

184,0 

2d8.U 

60.96 

131.3 

178.5 

88.92 
65.88 
9L22 


72 
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TABLE 1 A. 


Specific Gravity of Aqueous Hydrochloric Acid Solutions. 
Water at 4®C. is taken as unity. 

S. G. measurements refer to acids at 20®C. 


S. G. 

Percent HCl 

1.018 

4 

1.047 

10 

1.094 

20 

1.129 

26 

1.198 

40 


Approximate Normality 

1.11 

2.87 

6.02 

8.04 

13.13 


TABLE 1 B 

S. G. of Aqueous Nitric Acid Solutions at 20®/4® C. 


S. G. 

Percent 

HNO, 

Approxi- 

mate 

Normality 

S. G. 

Percent 

HNO. 

Approximate 

Normality, 

1.025 1 

5 

0.81 

1.200 

33 

6.28 

1.054 

! 10 

1.27 

; 1.400 

67 

14.89 

1.115 

1 20 

1 1 

3.54 

I 

i 





TABLE 1 C. 1 


TABLE I D- 

Sa G. of Aqueous Sulphuric 
Acid Solution at 20® /4® C. | 

S. G. Per Cent ADoroximate 

i S. G. 

of Aqueous Acetic Acid 
Solution, at 200/4®C. 


H,SO, 

Normality. 

S. G. 

Per Cent 

Approximate 

1.032 

5 

N 


HCjHjOa 

Normality 

1.059 

9 

2N 

1.016 

12 

2N 

1.087 

13 

3N 

1.044 

35 

6N 

1.178 

25 

6N 

1.050 

42 

7N 

1.285 

38 

ION 

1.062 

57 

ION 

1.404 

51 

14N 

1.070 

79 

14N 

1.831 

94 

35N 

1.050 

100 

17-5N 


TABLE 2. 

S. G. of Aqueous Ammonium Hydroxide Solutions at 20® /4® C. 


S. G. 

%NH, 

Approximate Nonfiality 

0.957 

10 

6 • 

0-922 

20 

11 

0.908 

25 

14 

0.900 

28.3 

15 

0.892 . . 

80 

16 
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TABLE 3 A. 

Clark’s Table of Hardness of Water. 





( in Degrees ) 



ml . 

A 

0.0 0.1 

02 

0.3 

0.4 

0.5 0.6 

0.7 0.8 

0.9 

u 






0.00 0.11 

0.22 

1 

0,33 0.44 

0 65 

0.67 

0.78 

0.89 1.00 

1.09 1.18 

1.27 

2 

1.36 1.45 

1.54 

1.64 

1.73 

1.83 1 . CJ 3 

2.01 2.09 

2.18 

3 

2.28 2.37 

2.46 

2.55 

2.64 

2.73 2.82 

2.91 3.00 

3.10 

4 

3.20 3.30 

3.40 

3.50 

3.60 

3.70 3.80 

3.90 4.00 

4.10 

5 

4.20 4.30 

4.40 

4.50 

4.60 

4.70 4.80 

4.90 6.00 

5.10 

6 

5.20 5.30 

5.40 

6.50 

5.60 

5.70 6 80 

5.90 6.00 

6,10 

7 

6.20 6.30 

6 40 

6.60 

6.60 

6.70 6.80 

6.90 7.00 

7.10 

8 

7.21 7.32 

7.42 

7.63 

7.63 

7.74 7.84 

7.94 8,05 

8.16 

9 

8.66 8,37 

8.48 

8 58 

8.69 

8,79 8.90 

9.00 9.11 

9.21 

10 

9.82 9 43 

9.53 

9.63 

9.74 

9.84 9.95 

lO.OG 10 16 

10.28 

11 

10.39 10.50 

10 61 

10 72 

10.83 

10.94 11.05 

11.17 11.28 

11.39 

12 

11.50 11.61 

11.72 

11.83 

11.94 

12.05 12.17 

12.28 12.39 

12.50 

18 

12.61 12.72 

12.83 

12.94 

13.06 

13.17 13.28 

13.39 13.50 

13.61 

14 

13.72 13.83 

18 94 

14.06 

14.17 

14.28 14.39 

14.50 14^1 

14.72 

15 

14.83 14.95 

15.06 

15.18 

16.29 

15.41 15.53 

16,65 16.76 

15.88 

16 

16,00 










TABLE 3 B. 




Substance 



Solubility per 

100 gms. 







of water at 0®C 



CaO 




0.13 




CaCO, 




0.0036 




MgCO, 

1 



0.01 




CaSO< 




0.18 




MgSO, 




24.70 




Na.2CO 

8 



7.00 






TABLE 3 C. 




Ha rdnes s-cau sing 

salts in grains per Imperial gallon of 

water from the sources indicated. 







1. 


2. 

■ 3. 



CaCOg 

1 

6.96" 


i2.98 

3.32 



MgCO, 


nil 


8.13 

trace 



CaSO, 

1 

nil 


nil 

93.21 



MgSO, 

i 

nil 


nil 

144.62 



MgQ, 

i 

nil 


nil 

220.55 



. NaCl 

1 

0.90 


0.20 

1850.74 



SiOaiAlaOj.etc/ 

1.09 


^.04 1 

trace 



1. Water from the Ganges ( drawn from the University 


ghat in January ) 2. From a WcU on the University grounds. 
3. Sea water. 
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TABLE 4. 


Analyses of Typical Indian Iron ores. 


Constituents 

1 

2 

3 

4 * 

Insoluble Matter 

j 

— 

— . 


Si 03 

0.91 

5.11 

1.11 

43.00 

FejO, 

94.22 

X 

X 

— — 

FeO 

0.47 

X 

X 

■ — 

Total Iron 

66.30 

59.36 

63.90 

36.20 

AI 3 O 3 

0.98 

4 52 

1.40 

1.80 / 

TiOa 

trace 

X 

trace 

nil 

MnO 

0.18 

0.60 

trace 

nil \ 

CaO 

0.26 

X 

X 

2.08 \ 

MgO 

trace 

X 

X 

1.91 \ 

PjOg 

0.072 

0.144 

0.069 

0.18 ' 

s 

trace 

X 

trace 

X 

HgO + organic \ 
matter / 

2.65 

X 

5.40 

X 


X This mark denotes *not determined*. * Magnetite from 


Sa^em^ S. India. 

TABLE 5. 



1 

2 

3 

4 

Insoluble 1 
Matter J 

X 

3.58 

2.93 

1.61 

SiOa 

3.54 

X 

0.99 

X 

FcgOa -{" • 0 6 

1.43 

0.77 

0.73 

CaO 

29.00 

29.69 

52.64 

2.03 

MgO 

18.11 

20.03 

1.42 

45.25 

Loss onl 
Ignition / 

X 

X 

41.62 

50.34 

1 and 2. Dolomite* 

3. Limestone. 

4. Magnesite. 


X This mark denotes ‘not determined.* 

table 6. 



Portland Cement. 

Alumina Cement 


Per Cent 

..Per Cent 

sio. 

23.56 

9.56 

FCfOg 

2.46 

8.05 

A1,Q, 

7.50 

42.15 

CaO 

62.02 

32.30 

MgO 

2.50 


SO. 

1.50 


Loss on ignition 0.46 


TiO, 


7.9.4 



sn 


TABLE 7. 

Percentage composition of Indian Pig Iron Grades. 
Grade nos. 1 to 5 from B. F. using coke 5 Basic. 6 from B. F. 
using charcoal, ( all giades ) 


Si 

S 

P 

Mn 
T. C. 
G. C. 

O. C. 


|2.76 to 3.25'2 25 to 2.25'l.75 to 2.25J1 50 to 1 75 1.00 


<0.035| 
<0.400 
1.00 1 3 1.50 


<0 05| -<0 os' <0.051 

I <0-40! <0. 0 \ <0.40 

- 1 00 to 1.50|l.00.to 1.50 1.00 to 1 50 1 00 

3.70 to 4.20 3.70 to .20 3.70 to 4 20 3.70 to 4.20'8!70 
3.00 to 3.60 3 00 to 3 50 3.00 to 3-20'3.00 to 3.20 2 00 
0.30 to 0.70 0.80 to 0.70 0 30 to 0,70 0 30 to 0 70 1.20 


6 


to 1,25 

0 50 tq 

2.75 

<0.05 

0.02 


<0 351 

0.10 


to 1.50 

0.4 to 

0.80 

to 4.20 

3.70 to 

4.20 

to 3.00 

3.00 to 

3.60 

to 1.70 

0.30 to 

0.70 


LovJ ]Mangane.ie Basic Pig Higli Manganese Basic Pig 


Si 

1.00 to 1.25. 

S 

Under 0.05 

P 

Under 0.36 

Mn 

0.50 to 1.00 


1.00 and under 
Under 0.06 
Under 0.86 
1.60 to 1.75 


TABLE 8 A. 



Typical composition of Steels for different uses. 


Soft for 

Mild steel for 

Rail 

Chrome 

High Tensile 


Sheets&plates Structures I 

Steel 

Steel for Rail Structuralsteel 

Carbon 

0.10 to 0 15 

0-20 to 0.80 ; 

0.45-0.68 

0.42-0.53 

Not <0.30 

Silicon 

— 

3 28 

0.05 1 

Not <0.06 

0.20 

Sulphur 

0.05 

0.06 

<0.06 

Not <0.06 

Not <0 05 

Phosphorus 0.25 

0.06 

<0.05 

Not <0.05 

Not <0.06 

Manganese 

035 to 0.60 

0.60 to 0.60 

0.60lo0.90 

0 65 to 0.85 

0.50 to 1.30 

Chromium 


— 


0.75 to 1.00 

0.50 to 1.10 



TABLE 9. 




1 and 2 

Ferto-manganese and 

3 Spiegel. 



1 


2 


3 

Si 

1.51 


2.35 


1.74 

S 

0.022 


0.025 


0.020 

p 

1.75 


0.55 


0.020 

Mn 66.00 


73.50 


26.76 

C 

5.95 


. 6.90 


5.50 



TABLE 10. 


Manganese ore 



SiO, 

6.63 



Fe 

5.89 



Mn 

51.61 



P 

0.091 



TABLE 11 A. 


1. 

Copper ore. 2. 

Concentrate. 3. 

Matte. 


1. 

2. 

. 3. 

Insoluble 

Matter 

} 64.50 

5.34 

X 

Cu 

2.20 

30.90 

39 50 

Fe 

11.25 

29.40 

41.50 

Ni 

0.191 

X 

X 

S 

X 

32.92 

X 


This mark indicates ‘not determined\ 


1. Dump Slag and 2. Refinery Slag. ( Copper Smelting ) 



1. 

2 


Cu ' 

0.22 

31.65 


Fe 

X 

6 30 


Ni 

X 

1.25 


CaO 

X 

0.15 


SiO, 

X 

55.00 


This mark denotes ‘not determined\ 




TABLE 12 




Lead Smelting ores. 


• 


1 2 

3 

4 

Constituents 

, Per Cent. 



02 S. Silver per ton 19.6 14.5 

30.1 

10,0 

Lead 

23.2 10.6 

39.8 

13.1 

Zinc 

12.8 5.5 

148 

14.5 

Copper 

0.4 4.9 

04 

0.7 

Iron 

4.1 8.8 

4.3 

4.3 
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Silica 

X 

44:6 

17.8 

X 

Alumina 

X 

X 

X 

X 

Calcium oxide 

X 

3.7 

X 

X 

Magnesia 

X 

X 

X 

X 

Sulphur 

Lead monoxide 

X 

0.3 

11.0 

16.0 

X 

1.9 


1. Ore for concentration. 2. Copper-lead ore. 3. High 
grade lead ore. 4. Gossan ore. 

X This mark denotes *not determined’. 

TABLE 13. 

1. Coarse concentrate (Wilfley Table) 2. Flotation concentrate. 

3 Pot sinter. 

1 2 3 

45.00 41.00 35.00 

Per Cent 

66.00 69.00 53.09 

8 50 7.53 10.40 

0.40 0.60 0.50 

3.00 1.50 14.00 

1.40 1.20 6.80 

18.00 17.50 2.40 

2 60 6.10 — 

_ — 3.6 


TABLE 14. 


Copper matte. 2. 

Copper-Nickel speiss. 

Per Cent 

Constituents 

1 

2 

Ni 

— 

32.88 

Cu 

40.40 

9.05 

Pb 

28.60 

2.75 

Ag ( ozs. Pet ton ) 

59.9 

24.40 

As ... . 

— 

34 76 

Sb.... 

— 

5.00 

Fe . . . . 


10.?5 


Ounces 'j 
Silver j- 
Per ton J 

Pb 

Zn 

Cu 

Fe 

SiO, 

S 

HoO 

CaO 



TABLE 14 A* 


1. Ore feed to the mills. 

2. Lead concentrate. 

3. Zinc concentrate. 

Constituents 


1 

Lead 10.0 

Zinc 6.0 

Copper 0.1 

Sulphur 28.0 

Iron 35.0 


ozs Silver 1 
per ton / 


Per Cent. 


2 

3 

70.0 

3.5 

3.7 

51.0 

0.2 

0.1 

17.0 

33.0 

7.0 

11.0 

26.0 

20 


* Through the courtesy of Prof N. P. Gandhi, who visited 
the plant of the Consolidated Mining Co. Ltd. at Trail ( British 
Columbia ) in 1938. 

TABLE 15. 

1. Iron Blast Furnace Slag (Coke) 

2. „ „ „ „ (Charcoal) 

3. Basic Open hearth Slag 

4. Electric Steel Furnace Slag. 



1. 

2 

3 

4 



Per Cent 



SiO, 

26.72 

41.00 

17.26 

22.66 

FeO 

1.48 

X 

9.54 

23.48 

Fe,0, 

Al,Og 

nil 

20.84 

{21.04 

3.71 

1.96 

X 

X 

CaO 

30.11 

26.78 

26.78 

26.00 

MgO 

19.61 

7.24 

4.94 

4.94 

MnO 

0.80 

2.19 

8.89 

X 

TiOg 

X 

X 

0.73 

X 

SO, 

X 

X 

0.30 

X ' 


X 

X 

4.20 

4.98 

s 

X 

X 

X 

X 


X Thte fCaatk denotes ‘not determined.* 



^ t f 


1. White Fire-clay for brick laying. 2. Black clay. 3. 
Silica Brick. 4. Mica schist. 5. Chrome Brick. 6. Chromite. 
7. Magnesite Brick. 

Per Gent. 


Constituents | 

1 1 

1 3 1 

1 3 

4 

lI 6" 

1 6 

1 7 

SiOa 1 

62.13 

53.36 

92.64 

: 91.32 

9.28 

1 4.78 ! 

! 3,89 

FcgOa 

1.86 

3.60 

0.67 

0.29 



4.17 

FeO 

— 

1 

— 

— ■ 

21.98 

! 22.19 


AljOs 

22.80 

28.78 1 

1.23 

6.43 

11.74 

i S96 

1.03 

MnO 

trace 

trace 

nil 

1 nil 

nil 

0.23 


TiOa 

1.86 

1.02 

nil 

! nil 

nil 

i nil 



CaO 

1.55 

0.55 

! 1.90 

‘ 0.10 

0.40 

1 

0 95 

6 02 

MgO 

0.42 

trace 

; 1.03 

0.14 

12.10 

12.67 

85.15 

CtqOs 

i — 

— 

1 

— 

44.05 

47.64 


Total alkalies. 

1 0.34 

1.74 

I OM 

0.10 

[ 




Loss on Ignition. 

9.42 

11.90 

j 1.50 

0.90 

0.96 

1.60 

0.18 

SO 3 . 

_ — 



^ ' . 

' — ! 

— -_rz_ 

_OL06_ 

1 ~ 


* Proceedings of the Empire Mining and Metallurgical Con- 
gress, 1927. 


TABLE 17. 


Analyses of clays used for making moulds for brass pots. 


1 2 
Per Cent. 


Silica 

60.40 

66.00 

Ferric oxide 

2.63 

2.02 

Alumina 

24.20 

23.20 

Calcium oxide 

1.40 

1.81 

Magnesium oxide 

2.87 

3.92 

Loss on Ignition 

7.62 

3.25 


TABLE 18. 



Bauxite. 



1. From the Central Provinces. 2. 


From Kolhapur State. 

Per Cent 
2 

5.56 

7.30* 


Silica 

Fettic pxid»< 

: ,73 ° 


1 

3;oo 

5.10 



Alumina 

57S 

54.96 

66.49 

Titania 

9.24 

5.20 

Calcium oxide 

X 

0.28 

Magnesia 

X 

3.80 

Loss on ) 

25.00 

11.37 

Ignition ) 

This denotes *not determined.* 


TABLE 18 A. 

Felspar. 

Constituents Per Cent. 


1 

2 

SiOg 

65.02 

55.44 

FCgOg 

0.61 

Trace 

AlgC g 

13.82 

10.14 

CaO 

0.10 

0.90 

MgO 

0.76 

0.14 

N'joO 

2.26 

1.87 

K^O 

8.02 

12.01 

1. Source Unknown. 2. Ramgarh. 


1. Monotype. 2. 

TABLE 19. 

Type Metal 
•Fry’ 



Per Cent. 


1 

2 

Lead 

82.14 

79.90 

Antimony 

12.30 

13.75 

Tin 

4.04 

4.50 

Copper 

0.09 

X 

X This mark denotes *not determined’ 


Constituents 

TABLE 20. 

Phosphor Bronze. 

Per Cent 



1 

2 

Tin 

9.50 

10.85 

Zinc 

1.80 

4.64 

IjCid 

1.95 

3.74 

Phosphorus 

0.38 

0.09 

0>pper 

86.27 

« 

80.64 
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TABLE 21. 
Alsimin 


Constituents 

Per Cent 

Carbon 

0.80 

Silicon 

34.94 

Iron 

9.00 

Aluminium 

54.98 

Manganese 

0.12 

Titanium 

0.18 

TABLE 22. 

Ferro-Silicon 

Pei* Cent 

Iron 

16.90 

Silicon 

80.33 

TABLE 23. 

Ferro'tungsten 

Per Cent 

Carbon 

0.04 

Tungsten 

79.33 

TABLE 24. 

Fcrro-phosphorus 

Per Cent 

Silicon 

1.98 

Iron 

70.60 

Phosphorus 

25.30 

TABLE 25. 

Fcrro-molybdenum 

Per Cent 

Carbon 

0.30 

Silicon 

1.42 

Iron 

32.70 

Molybdenum 

65.20 
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TABLE 26. 

Ferfo-chrome 

Pet Cent 

Carbon 5.50 

Iron 27.10 

Chromium 65.50 

TABLE 27. 

Ferro- vanadiu m 

Per Cent 
0.10 
46.50 


Carbon 

Vanadium 


TABLE 28. 


Flue Dust ( Iron 

Blast Furnace ) 

Per Cent 

SiOa 

13-13 

FCjOg 

2300 

A1,0, 

6-68 

CaO 

7-45 

MgO 

4-71 

S 

0-51 

PaOfi 

0 26 

TiOj 

0 34 

Loss on ) 
ignition j 

42-52 


TABLE 29 A* 

Tungsten-Chromium Steel 
Per Cent 

Tungsten 6.68 

Chromium 1.46 

* Sample supplied by the Hukumchand Electric Steel Works 
^ Calcutta. 
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TABLE 29* 

Railway Materials 

1. Carbon Spring steel. 2. Carbon Spring steel with special 
Silicon Requirements. 3. Chrome-Vanadium Spring steel. 
4. Silico-Manganese spring steel. 5. Axles for Railway Carri- 
ages. 6. Axles for Locomotives. 7. Tyres for Railway carriage 
wheels. 



1 

2 

3 

4 

® T 

6 

7 




Per 

Cent j 

r 

1 



Carbon 

0.90 to 

0.90 to 

6.50 to 

6.55 tc 

0.40 to 


0.60 to 

Manganese 

1.10 

1.06 

0.60 

0*66 

0.55 

OJO 
0.40 to 

0,85 
not ^ 

0.50 

o.as to 

0.60 to 

0.60 to 

0.50 to 1 



0 50 

0.90 

0.90 

0 90 1 

0 70 

0.75^ 

I'hosphorus 

0.05 

OJOt 

not > 
0-045 

< 0.054 

not > 
0.05 ! 

not > 
0.05 

net > 
0.05 

Sulphur 

0.05 

0.06 ! 

not > 
0.045 

< 0.043 

1 not > 

{ 0.06 

not > 
0.05 

not z> 
0.05 

Silicon 

! 

0.16 

1 

i 1.80 to 

i 2.20 

’ 

• 

i 

0.15 to 
0.35 

Chromiqm 

j 

1 ' 

; 0.90— 

1 1.10 

1 - 

— 



Vanadium 


1 

; not > 

1 0.16 

• “ 


— 

— 


* Extracted from the 1936 Edition of the Book of Standards (Vol. 1) of the 
American Society for Testing Materials, 

TABLE 30 
Nickel Chromium Steel 
Per Cent 

Nickel 3'21 

Chromium 0*83 

Carbon 0 25 

TABLE 30A 
High Chromium Steel 
(Heat resisting) 

Per Cent. 


Silicon 1.114 

Sulphur 0.032 

Phosphorus 0.042 

Manganese 0.28 

Carbon 0.83 

Chromium 25.84 
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Platinum 

aojd 


TABLE 31 

Fineness of Silver Coin 
{ In Circulation before World War U. ) 

Parts fine 
per thousand 

Silver Coin 916,0 

TABLE 32 
Nickel Coin 

( In circulation before World War II. ) 
Per Cent 

Copper 75*00 

Nickel 25 00 

TABLE 32A 

Bron 2 e-^ Copper coins ) 

Per Cent 
Copper 95*00 

Tin 400 

Zinc 1 00 

TABLE 32 B. 


( Current four anna coin ) 
Quaternary Alloy, 

Per Cent 


Silver 49.68 

Copper 39,74 

Nickel 5.00 


Zinc 


5.20 

TABLE 32 C 


Current half-anna coin. 
Copper 79.02 

Nickel 1.00 

Zinc 20.00 


. TABLE 33 
Platinum-gold AII 07 

Per Cent Parts fine per thousand 

546 54*60 

6154 615.4 
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TABLE 33A. 


Duralumin 

1. British Standards Institution Specification for Dura- 


lumin for aeronautical 'purposes. 2, 3, 4 arc samples (rods 0-75" 

dia. ) analysed in 

the Lab of the Dept, of Min. and Met. 



1 

2 

3 

4 

Copper 

no t <3 * 5 and not ^i 4* 5 

3-75 

'3"34 

4-30' 

Manganese 

» <0.4 „ >0-7 

0.35 

0*26 

0-31 

Magnesium 

.3 <0-4 „ >0-7 

0-40 

0*50 

0*35 

Silicon 

not >0 7 

0-28 

0*21 

0-26 

Iron 

not >0 7 

0-17 

0*26 

0-34 

Titanium 

not >0*3 

X 

X 

X 

Aluminium 

the remainder 

X 

! X 



X This mark indicates ‘not deter mi ned\ 
TABLE 34+ 


Nickel Cobalt ore from Nepal. 

Per Cent. 


Insoluble Matter 

310& 

Ferric Oxide 

2.91 

Alumina 

0*55 

Nickel 

0.36 

Cobalt 

8.74 

Arsenic 

7.69 

Calcium Oxide 

13-85 

Magnesium Oxide 

9-60 

Sulphur 

3-66 

Carbon di Oxide 

21-84 

* Sample supplied therough the 

courtesy 

Bombay. 

TABLE 34 A 

Zinc Blende. 

Zinc 

Per Cent. 
45*36 

Iron 

301 

Manganese 

0-62 

Calcium oxide 

15-63 

Sulphur 

21-31 

Insoluble! 

0-31 

Matter / 

Lo^a on Ignition ^ 

. 33-40 • 


Shaima, 
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TABLE 34 B 


Zinc Dross 


Per Cent. 

Silicon Trace 


Pb 

M 2 

Cu 

Trace 

Fe 

4*10 

A1 

0-65 

2 n 

93*95 


SiO, 

TABLE 34 C 

Zinc Ash 

( Diy Basis ) 

Per Cent 

2-35 

Fe 

2-42 

A1 

0-58 

Zn 

7600 

Pb 

2-97 

Cl, 

172 

O, 

13-96 


TABLE 34 D 


Flux Skimmings 


Insolttblea^ 

Per Cent 

062 

FcjOa 

0-83 

AI 1 O 3 

0-37 

NH,C1 

1203 

ZnOji 

29-30 

ZnO « • 

|2'47 

Zn{Cilcdatod} 
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TABLE 35* 


Samples of Beryl from Nellore Dis rxct. 

Per Cent. 
1 2 


Silica 

SiO^ 

67 28 

64-78 

Alumina 

A 1 <j 03 

610 

16-56 

Ferric Oxide 

FeaOg 

0 43 

1-99 

Beryllium Oxide 

BeO 

13*51 

13-53 

Calcium Oxide 

CaO 

0-48 

0-52 

Potassium Oxide 

KgO 

— 


Sodium Oxide 

NagO 

0*64 

0 56 

Lithium Oxide 

LigO 

Trace 

Trace 

Water 

HaO 

1,60 

2.10 

* Trans., Geo. & 

Min. Insti., 

Vol. 22, Pt. 3., 

Oct. 1928. 


TABLE 35 A. 

Copper-Beryllium Alloy. 
Per Cent 

Beryllium 3*01 

Copper not determined. 


TABLE 3^6. 


Proximate Analysis of coal from the Jharia field. 


As received. 


Per Cent 


Volatile) 19 2 
Matter ) 

Fixed Carbon 63 2 
Moisture 2 0 

Ash 15^6 

Colour of ) Brownish 
Ash j white 

74 


Air Dry. 

Per Cent 

19 3 

63' 6 
14 
15-7 

Brownish white 



586 


TABLE 36 A. 


Ultitnate Analysis of coal from the Jharia field. 


As received. 

Air Dry 

Per Cent 

Per Cent 

Carbon 

68-18 

68 60 

Hydrogen 

4-52 

4-60 

Oxygen 
Nitrogen } 

8-99 

9-05 

Sulphur 

0-60 

0-60 

Phosphorus 

0-06 

0-06 

Moisture 

2 00 

1-40 

Ash 

15-60 

15-70 


TABLE 37. 


Proximate Analysis of coal from the Raneegunj field. 


As received. 

Air dried. 


Per cent 

Per cent. 

Volatile Matter 33-8 

34-2 

Fixed Carbon 

51-9 

52-4 

Moisture 

2-4 

1-4 

Ash 

11-9 

12-0 

Colour of Ash. Light brown 

Light brown 


TABLE 37 A. 


Ultimate Analysis of the coal sample shown in Table 37. 

As received. 

Air dried 

Per 

cent. 

Per Cent. 

Carbon 

69-82 

70-55 

Hydrogen 

4 06 

4-10 

Oxygen and\ 
Nitrogen / 

11 26 

11-37 

Sulphur 

0 51 

0-52 

Phosphorus 

006 

0-06 

Moisture 

2 40 

1-40 

Ash* « 

11-88 

12-00 



TABLE 38. 

Proximate Analysis of coal from the Giiidih field. 
(Moisture-free basis) 

Per Cent. 


Volatile Matter 

26-90 




Fixed Carbon 

59-20 




Ash ’ 

13-50 




Sulphur 

0-39 





TABLE 39. 




J 

R 

A 

G 

Calorific Value 

7010 

6940 

7220 

7420 

(gm-calories) 





Evaporative 1 
Power / 

13-1 

12-8 

13.40 

13.9 

Caking Index 

8 

5 

6 

12-0 

Yield of Tar] 
in lbs. per ton 
of coal J 

145.3 

X 

X 

X 

Yield of liquor ] 
in lbs. per ton ^ 
of coal. J 

51-7 

X 

X 

X 

Yield of gas in ] 
c. ft. per ton 
of coal. J 

10,180 

X 

X 

X 

S. G. of coah 
(Apparent.) / 

1-45 

1-42 

1-27 

1-34 

J denotes Sample • from the Jharia 

field 

il • » 

9* 

Ranigunj 

99 

A 

>» 

Assam 

99 

G 

•> 

Giridih 

99 


X This mark denotes ‘not determined;.. 



TABLE 39 A 
COAL — TAR 


S. G. at 15»C. 1.21 


A mmoniacal \ 

Per cent 

Liquor / 

2.0 

Distillate 


up to 170®C. 

3.0 

Between 170®-230®C. 

4-5 

„ 230- - 70»C. 

11-5 

2700.3500C. 

23 5 

Pitch 

55.5 

hJaphthalene 

9.5 

Viscosity \ 

5 

( Hutchinson ) / 

seconds 


TABLE 40 

Ammonium Sulphate 
Per Cent 

Moisture 0.60 

Acidity ( Free sulphuric acid ) 0.39 
Ammonia 25.25 

Ammonium Sulphate 98.40 

TABLE 41 


1, Coke oven gas. 2. Producer gas. 


Constituents 

1 Percent 

2 

CO3 

2.5 

5.9 

..Cx Hy 

30 

— 

Oa 

0.5 

0.3 

CX> 

8.5 

25.9 

CH, 

26.5 

3.5 

H, 

46.5 

13.2 

Mg ( By difference ) 

12.5 

51.2 

Calorific 

Value in B. Th. U- 
per Pt ft. «t N. T. P. 

J 540 

161.5 



TABLE 42 
Petrol 


S. G. at 300C/30®C. Not above 0w752 

Iodine Value Not more than 7.0 

C/o-101/5. 

TABLE 43 

Kerosene, first quality, for wick lamps. 
Closed flash-point 
(Abel-Pensky ) 

Sulphur 


Kerosene, Second Quality, for use in pressure lamps, 
stoves, blow lamps and oil engines. 

Closed flash- point 

( Abel-Pcnsky ) Not less than 40®. C. 

TABLE 45 

Fuel oil for internal combustion engines such as diesel semi- 
diesel and crude oil engines. 

Closed flash-point. 

( Gray or Pensky-Martens ) Not below 65®C. 

Viscosity at 40®C. (Redwood) Not above 150 seconds. 

Ash Not>005% 

Sulphur - Not>300% 

TABLE 46. 

Compounded cylinder oil for Cylinders of condensing, 
engines and locomotives using superheated steam at temp, ex- 
ceeding about 500®F. 


^ Not below 38 ‘'C. 

Not more than 0.06/'^ 
TABLE 44 



Approved fatty oil 
S. G. at 3 OOC. / 330 c 
Viscosity ( Redwood ) at lOO^^C. 
Closed dash-point 
Ash 


5*0% 

Not above 0-900 
over 50 seconds. 

Not below 2800C. 

Not more thcan 0*05% 


TABLE 47. 


Fuel oil for oil-fired furnaces. 

Closed flash-point Not below 650C. 

Viscosity at 40®C. ( Redwood. ) Not above 200 seconds. 
Ash Not more than 0.2% 


TABLE 48. 


Compounded Cylinder oil for cylinders of condensing 
engines and locomotives using saturated steam and superheated 
steam at temp, not exceeding 500® F. 

Approved fatty oil 
S. G. at 30®C./30®C. 

Viscosity at 1Q0®C. (Redwood) 

Closed flash-point \ 

(Gray or Pensky Martens) / 

Ash 


5% 

Not above 0.90U 
110 to 150 seconds 
Not below 250®C. 


Not more than 0.05)^ 


TABLE 49* 

Govt. Specification for Castor oil. 

S. G. at 30®C/30®C. 0 952-0 956 

Saponification Value 178-184 

Iodine Value 82-90 

Acid Value Not more than 6 0 • 

Note : — Add value is the number of milligrams of potassium 
hydroxide required to neutralise the free acid in one gram of 
the oil. 
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TABLE— 50. 

Requirements tot Sieve Openings and Wire 
Diameters with Permissible variations. 


Designation. 

Corresponding 
U. S. Standard 
Sieve Series 
Number 

Sieve opening j ’ 

Wire Diameter. 

mm. 

in. 

mm. 

in. 

1. 

2. 

3. 

4. 

5. 

6. 

4760 micron. . 

4 

4.76 

0.187 

1.27 

0.050 

4000 „ ’ . 

5 

4.00 

0.157 

1.12 

0.044 

3360 „ • 

6 

3.36 

0.132 

1.02 

0.040 

2830 . 

7 

2.83 

0,111 

0.92 

0.036 

2380 „ . . 

8 

2.38 

0.0937 

0.84 

0.0331 

2000 „ . 

10 

2.00 

0.0787 

0.76 

0.0299 

1 680 

12 

1.68 

0.0661 

0.69 

0.0272 

1410 „ 

14 j 

1.41 

0,0555 

0.61 

0.0240 

1190 „ 

16 I 

1.19 

0.0469 

0.54 

0.0213 

1000 

18 i 

1.00 

0.0394 

0.48 

0.0189 

840 „ 

20 

0.84 

0.0331 

0.42 

0.0165 

710 „ 

25 

0.71 

0.0280 

0.37 

0.0146 

590 „ 

30 

0.59 

0.0232 

0 33 

0.0130 

500 „ 

35 

0.50 

0.0197 

0.29 

0.0114 

420 „ 

40 

0.42 

0.0165 

0.25 

0.0098 

350 „ 

45 

0.35 

0.0138 

0.22 

1 0.0087 

297 

50 

0.297 

0.0117 

0.188 

0.0074 

250 „ 

60 

0.250 

0.0098 

0.162 

0.0064 

210 

70 

0.210 

0.0083 

0.140 

0.0055 

177 ,a 

80 

0.177 

0.0070 

0.119 

0.0047 

III jf 

149 

100 

0.149 

0.0059 

0.102 

0.0040 

125 . 

120 

0.125 

0.0049 

U.086 

0.0034 

99 

105 

1 140 

0.105 

0.0041 

0.074 

0.0029 

LVD 99 

1 170 

0.088 

0.0035 

0.063 

1 0.0025 

oo „ 

74 

1 200 

0.074 

0.0029 

0.053 

i 0.0021 


1 230 

0.062 

0.0024 

0.046 

1 0.0018 

UZ 99 

270 

0.053 

00021 

0.041 

. 0.0016 

yy 

44 .. 

1 325 

i • 

0.044 

0.0017 

0.03£ 

; 0.0014 


Note:— Sieves having larger openings than those included 


in the table may be specified, but in specifying sieves of larger 
openings the actual size of the opening ( in millimeters or in 
inches ) shall be stated. A tolernce of 3 per cent on average 
openings aud of 10 percent in maximum openings shall be 

permitted. 


Tolerance in iTolerancc on Wire| 
Average opening,' Diameter, per cent . 


Tolerance 

in 

Maximum opening, per cent 

1 lo: ■ 


TABLE 51. 


Institution of Mining and Metallurgy Standard Sieves. 


Mesb or 
Aperture per 
linear inch. 

Diameter 
of wire. 


inch, t mm. 

5 

0*1 2‘640 

8 

0063 1*600 

10 

0*05 1*270 

20 

0'025 0635 

30 

0*0167 0*424 

60 

0*0063 0'211 

90 

0*0055 0*139 

100 

0*005 0*127 

120 

0*0041 0*104 

< 150 

0*0033 0064 

200 f < 

0*0025 0*063 


Aperture 

Screening 

area. 

Inch. 

mm. 

'rercent.^ 

0*1 

2 540 . 

260 

0*062 

1-674 

24-6 

005 

1*270 

25-0 

0025 

0.685 

25-0 

0*0166 

0.421 

24-8* 

00083 

0-211 

24‘8 

0 0064 

0-189 

24 5 . 

0*005 

0127 

25-0 

0 0042 

0107 

25*4 

0*0033 

O'OBi 

24-6 

0*0025 

0-068 

25*0 







USEFUL CONSTANTS. 


1 Inches 25’40 millimetres. 1 mm. = ’03937 inch. 

1 Gallon® ’1604 cubic foots= 10 lb. of water at 62® F. 

1 Knot =6080 feet per hour = 1 Nautical mile per hour. 

Weight of 1 lb. in London =445,000 dynes. 

One pound avoirdupois = 7000 grains® '1 53’6 grammes. 

1 Cubic foot of water weighs 62 ’3 lb. 

1 Cubic foot of air at 0® C. and 1 atmosphere, weighs ’0807 lb. 

1 Cubic foot of Hydrogen atC®C. and 1 atmosphere, weighs ’00559 lb. 

1 Foot-pound® l’3562x 10^ ergs, 

1 Horsc-power-hour = 33000 X 60 foot-pounds. 

1 Electrical unit=l000 watt-hours = 1 ’34 horsc-power-hours. 

( 778 ft.-lb. = 1 Fah. unit. 

Joule’s Hquivalcnt is ’ ,400 ft.-lb. . 1 Cent. „ 

1 Horse-power = .33000 foot-pounds per minute = 746 watts. 

Volts X amperes® watts. 

1 Atmospheres 14‘7 lb, per square inch =2116 lb. per square foot® 
760 mm. of mercury = 10® dynes per sq cm. nearly. 

A column of water 2’3 feet high corresponds to a pressure of 1 lb. 
pet sq inch. 

Absolute temp., t=e® C. + 273® or e® F. + 459’4®. 

One radian = 57-30 degrees. 

To convert common into Napierian logarithms, multiply by 2.3026. 

The base of the Napierian logarithms is f = 2’7183. 

The value of at London® 32’ 182 feet per sec, per sec. 
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LOGARITHMS. 
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LOGARITHMS. 
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2 
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antilogarithms. 
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Appendix A. 

Common Laboratory Accidents and Remedies. 

Bams Exclude air from the affected part by applying a^hin paste 
of wheat or rice flour or by applying a little coconut oil, casW oil or 
vaseline. Picric acid gauze, i.e. gause soaked in a solution of picric acid 
{ 1% strong ) may be applied and held in position with a light bandage. 

Burns produced by acids or alkalies: — Wash' the part affected 
with a liberal quantity of water and then apply a mixture of raw linseed 
oil mixed with an equal volume of lime waier. Such a mixture is known 
as carron oil. If the part affected is the eye and an acid is the reagent 
that has affected it, wash as quickly as possible with water and then with 
lime water. In the case of burns by alkalies, wash the affected part liberally 
with water and apply lemon juice or weak acetic acid. When the affected 
part is the eye, an additional wash with a saturated solution of boric acid 
is necessary. Castor oil dropped on the eye after the above treatment 
will have a soothing effect. 


When strong acids are accidentally spi*t on the Working-Bench, or 
on floor, sprinkle commercial sodium carbonate or lime and well mix with 
a glass rod. When effervescence has ceased on the addltix^n of more of the 
soda or lime, wipe off with a duster and then sponge off with a wet duster. 

Cuts and wounds — Wash with clean cold water, remove pieces of 
glass or other foreign matter, dry, apply ammonia boric lint and bind up. 

When chlorine or bromine vapour is inhaled, the remedy is, to inhale 
ammonia from bottle containing ammonia solution or to moisten a handker- 
chief with rectified spirit and to inhale the alcohol vapour ^^y holding the 
handkerchief near the nose. 

When drops of strong acid have fallen on garments, rub at once with 
powdered ammonium carbonate or apply ammonia solution. 

When drops of strong alkali have fallen on them, apply dilute acetic 
acid or lemoii-jMice. Wash with water or neutralize the excess of acid with 
ammonium carbonate solution. ^ 

The following is a tabular statement of the means whereby stains on 
garments and on the skin may be removed : — 


Stain caused by 
1. Pyrogallic 
acid. 


Ferric 

chloride. 


on garments.^ 

First moisten with ferrous 
sulphate solution (5%) and 
then wash with oxalic acid, 
solution (6%). Give a final 
wash with water. 


on skin. 


Wash with 10% 
solution in water. 


oxalic acid 


Dip the fingers into 
a solution of sodium 
sulphite ( 1 gro* ) in 
30 ml of water and 
0"5 to 1 ml. of sulph- 
uric acid s. g. 1*2, or 
the solution may be 
applied to the part 
stained. 

Apply 10% oxalic 
acid solution to the 
part affected and 
then wash with 
water. 


3. Black ink. 


4. Red ink 


5. Votassium 
fc^rmanganate* 

% 


Lub with a tuft of cotton wool 
loistened with 10% oxalic acid 
ilution. A final rub with 
leaching powder is necessary, 
^ub with a tuft of cotton wool 
jaked in hydrochloric acid of 1*05 
,g. and then wash with water. | 

Lub with a tuft of cotton wool i 
jaked in sulphurous acid solu- 
on, freshly made. 


Wash with ammo- 
nia solution of 0*96 

s. g. 

Wash with soap and 
water. 

Rub with a tuft of 
cotton wool soaked 
either in a freshly 
made solution of 
sulphurous acid or 
in ferrous sulphate 
solution aboht 35% 
Btrone. 


. •'i 
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Appendix B 

The follcwing is a list of the cupboard equipment issued to each 
student workiiiig in the Assay Laboratory of the College of Mining and 
Metallurgy of the Benares Hindu University : — 

Assay Laboratory 
College of Mining & Metallurgy. 


Stands, Burners, Glass and 

1 retort stand with 2 rings, 

2 tripods. 

1 funnel stand. 

2 burette clamps. 

1 test tube stand 

2 Bunsen burners 
2 mush room tops 
2 lengths of rubber tubing 
1 asbestos sheet 6" X 6" 

1 pipe clay 'triangle. 

1 pair of crucible tongs 
1 sand bath 
1 test tube holder. 

1 spatula. 

1 camel hair brush. 

1 test tube brush, 

1 wooden rod. 

1 earthenware flame shield 
2 pieces of glass tubing 6" and 8 ' long 
1 cobalt glass 2" x 2»' 

1 evaporating basin (200 ml.) 


Porcelain ware, etc. 

l2 test tubes. 

1 boiling tube. 

4 . beakers-750-200 ml. capacity. 

4 cover glasses 5^' to 2i" 

1 wash bottle 500 ml. capacity. 

2 ordinary flasks 200-250 •ml. 
capacity, 

2 sheets of wire gauze 

3 conical flasks 600 — 150 ml. 
capacity, ^ 

3 funnels. 

1 measuring flask (260 ml.) 

1 weighing bottle. 

\ dropping bottle. 

2 burettes, 25 ml. 
one with stop cock, 
one with pinch cock. 

1 pipette ( 20 or 26 ml. ) 

3 bottles ( each 250 ml.. ) 

1 desiccator. 

.2 glass rods 6" and 8" pieces. 

1 crucible with lid. 

1 casserole (300 ml.) 


The followling acid proof wood stain recommended on page 1611 of 
'Handbook of Chemistry and I’hysics*, 1938, has proved very serviceable 
as varnish for the tops of the Working-Benches : — # 


Solution No. 1. 


Solution No. 2. 


425 gms. cf copper sulphate 140 gms. of good fresh aniline oil 

r25 gms. of potassium chlorate , ISO gms, of con. h3 drochloric acid 

1000 gms. of water. 1000 gms. of water. 


Free the top of the table from paint, varnish, grease or chemicals 
by sand-papering it after scraping off old paint or varnish. Apply two 
coats of solution No. 1 , boiling hot, with a paint brush, allowing eac.h 
coat to dry thoroughly before the next coat is applied. Then apj^y two 
coats of solution No. 2 in the same way. When the wood is completely 
dried, wash off excess of chemicals with hot soapsuds. Finish with raw 
linseed oiU Polish conies from rubMng the oil down with a cloth. 
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The reagent bottles provided on the Bench are glass-stoppered and 
of 260 ml. capacity except for those which are to contain Na OH solution 
and Na^ CO^ solution. These latter are corked. The . corks are coated 
over with paraffin wax by dipping them in molten wax and then taking 
them out, The labels on the bottles are coatod over with wax to prevent 
them from perishing by the accidental runniim of drops of the reagent on 
their surface. In the absence of printed labels, Indian ink should be 
used to write fresh labels. Ordinary fountain pen ink marks disappear 
by constant exposure to the acid fumes. 

Rules, to be observed in the Assay Laboratory 
♦ 

1. Keep your Working Bench neat and clean. Always have in 
your cupboard a piece of cloth (bleached) about one yard square, 

2. Do not throw in the sink pieces of broken test tube, crucible lid, 
pieces of filter paper, etc, 

Keep your apparatus neat and clean, ready for immediate 
employment. Tubes used for passing H^S into solution must be cleaned 
inside and out with suitable solvents, 

1, Always work with as small quantities as possible in qualitative 

work. 

6 , Note down the observations in connection with your experi- 
ments as they are being performed. In quantitative work, make a note of 
the quantity of material taken for analysis in a pocket book. The readings 
of the burette, in case a volumetric method is adopted, should be noted 
down. If a gravimetric method is adapted, the weight of the precipitate 
obtained at the last step should be noted down. Enough particulars must 
be there in the pocketbook to enable one to make the necessary calculations. 

6- Before carrying out a determination in the Laboratory, read at 
home tbe principles underlying it. the procedure, and the modification 
necessary when interfering elements are present. Much loss of time and 
waste of material and chemicals can be avoided by this procedure. 

7. When an experiment cannot bo completed in the course of a 
single’day’s work, the solutions and precipitates set a^idb must be pryperly 
labelled to avoid confusion. Glass and china marking pencils priced 
‘about Re. 1;- eacli are sold by Chemical Supply Houses. Their use is very 
convenient. Porcelain crucibles with such pencil marks have, after 
igniton,aredmark on them. The alteration in weight of the crucibles 
as a result of the change of colour of the marks is negligible. 



>INDEX 


A 


Abel’s Flash Point 

Apparatus 544 

Absorption Train 473 

Acidimetry and Alkali- 
metry . 25 

Acid Mixture 249 

Air Oven 68 

Alkalies in felspar 409 
Alumina, determination 
of, in basic open 
hearth slag 383 

— — in chromite 340 

— — in iron blast 
furnace slag 379 

— — in iron ore 305 
Aluminium Alloys,ana- 

lysis of, 248 

determination of, in 
Steel, 129 

— phosphate, precipitati- 
on of, 383 

Aluminon, use of, 437 
Alundum boats 132 

Ammonia, determinati- 
on of, in ammoniacal 
liquor, 538 

Ammoniacal cuprous 
chloride, use of, 498 
Ammonium acetate, st- 
andard solution of, 361 

„ molybdate, Johnson’s 
reagent, 91 


„ „ standard 

solution of, 363 
„ sulphate, analy- 
sis of, *537 

Analysis of caustic so- 
da sticks ; 
double indicator 
method, ^ 34 

Analysis of dolomite 75 
„ limestone 67 

„ magnesite 67 

„ Portland cement 7 6 
Annealing pot 267 

Antidote for cyanide 
poisoning 358 

i^ntilogarithms, Table 
of, 599,600 

Antimony, determina- 
tion of, 

in magnolia or 
white metal, 237 
Argol, use of, 273 

Arsenic, determination 
of, in steel, , 203 
„ „ „ in conver- 
ter slag, matte, etc. 390 
Arsenious acid, stand- 
ard solution of, 364 
Ascarite, use of, 137, 478 
Assay 'Ton 270 

Atomic Weights, Table 
of, 569 
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Back titration 38 

Balance 1 

„ , Bullion, 2^9 

„ , Rules to be 

observed in the use of 6 
„ Weighing by the me- • 
thod 6f oscillation, 3 
• -Battersea Round 274 
Baudisch, method of, 
for the separation 
of titanium from 
aluminium 307 

.Bauxite, Analysis of, 345 
Bell, Sir Lowthian, 490 
Bench-Gas,Analysis of, 
Hempel’s apparatus490 
Bench— Gas,Analysis of. 


Orsat’s Apparatus 510 
,, Calorific value of, 514 
Benzidine, use of, 436 
« — Benzoin oxime, 

use of, 211 

Beryl, analysis of, 369 


Beryllium,determination 
of, in copperalloys 441 
Blake, Jaw crusher,the,561 
Blank run for molyb- 
denum in steel 187 

,, ,, sulphur in steel 101 

„ vanadium and 
chromium in steel 173 
Blast furnace slag, 
analysis of, 376 

Bomb calorimeter,use of 454 
Books for further 
^ study, 568 

Borax glass, use of, 264 

Brass, Analysis of, 217 

Bromine water, the 
absorption of 

unsaturated hydrocar- 
bons by, 502 

„ ,, use of, oxidation 

of sulphite to 
sulphate, 448 

Bunsen valve,use of,the 125 


Cacotheline, use of, 440 
Calcium carlside, deter- 
mination of, in slag 
( electric furnace ) 385 
Calcium silicide, 

analysis of, 431 

Carbon in pig iron, 
steel, ferro-alloys, 
etc. 129 

„ steel, colour method,140 
Carborundum rod, 
heating elements, 133 
Care or platinum 
apparatus 14 

Castor oil, determina- 
tion of, the iodine 
number of, 554 


Chlorine, determina- 
tion of, in water, 46 
Chrome-iron— ore, ana- 
lysis of, 337 

Chromium, detection 
of, in steel, 433 

„ determination of, 
in steel, 164 

„ in ferrochrome, 421 
Cinchonifle hydro- 
chloride,use of’,430,439 
Cleaning of platinum 
apparatus, 15 

Coal, caking index of, 478 
„ calorific value of, 
using the bomb 
calorimeter 454 
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„ „ Lewis Thompson 
calorimeter 451 

„ carbonisation assay 
of, 479 

„ determination of 
nitrogen in 468 

„ proximate' analysis 
of, 443 

„ ultimate „ 470 

Cobalt, detection of, 
in steel 435 

„ determination of, „161 
„ ore, analysis of, 364 
Colorimetric method * 
for carbon in steel, 140 
Colorimetric method for 
molybdenum in steel, 180 

D 

Davies’ crucible fur- 
nace 446 

Dennstedt’s apparatus 475 
Dimethyl glyoxime, 
use of, 155, 368 


Combination assay 283 
Copper, - commercial, 
analysis of, 244 

,, detection of, 

in steel, 435 

„ determination 

of, in steel, 189 


>> 99 

metal 


in white 

242 


„ influence of, 
in cupellation 281 

„ matte, analysis 

of, 372 


ore 


99 


328 


Cupellation 266 

Cupron, use of, 435 


Diphenylamine, use of, 65 
Diphenylcarbazide, use 
of, 433 

Distilled water, test for 
residues in, 22 


Edge' runner 567 

Eggertz Method for 
carbon in steel 140 
Electro— Assay for cop- 
per in a copper — 
tin alloy 222 

„ „ for nickel 

in steel 158 


Emerson’s Bomb calor- 
imeter 454 

Eschka mixture, use of, 450 
Evolution method for 
sulphur in pig iron 
and steel 103 

Explosion pipette 500 

F 


Faraday’s Laws of 
Electrolysis 224 

Felspar, determination 
of alkalies, in, 409 

Ferric acetate, basic, 
separation of manga 
nese from iron,l 16,1 18 


Ferric oxide, determina 
tion of, in iron ore 305 

„ „ „ in slag 381 

,, salt, reduction 
of, 53, 61 

Ferro — alloys, analysis « 

of, ’ 416 
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Ferro-alloys, tables of 
typical analyses of, 

573,579.580 

Ferrous ammonium sul- 
phate 169 

Ferro — manganese, analysis 
of, 416 

Ferrous oxide, determi- 
nation of, in chro- 
me iron ore 340 

»> i> j> iti 

iron ore 304 

Ferrous salt, oxidation 
of, ‘ 53, 61 

Ferrous sulphide, sepa- 
ration of iron from 
titanium, 315 

Filtration, devices for, 19 
Filter-papers, choice 
of, 18, 19 

,,Sintered,Jena glass 20 


Fire-Assay, furnaces 
for, 264, 265 

>, „ standard 

conditions for, 268, ,269 
Fire — clay, analysis of, 402 
„ crucible, use of, 265 
„ "examination of, 405 
„ preparation of 
articles from, 406 

,, crucible, testing the 
resistance to 
corrosion of, 407 

Flattening rolls 268 

Fleming tube, use of, 478 
Flue — gas, analysis of, 520 
Fluorspar, ,, , 394 

Ford and Williams’ me- 
thod for manganese 416 
Free cyanide, determi- 
nation of, 302 


Gerrnan— silver, analy- 
sis of, 231 

Gold, determination of 
fineness of, in a 
gold chain, 288 

„ „ , in ‘head- 

ings’ and ‘tailings’ 297 


„ determination- 
of, in ore , 264 

Gooch crucible, use 
of, ' 19, 419 

Graphite, determinati- 
on of, in pig iron 148 


H 


Haldane’s apparatus for 
mine — air analysis 528 
Hardness, permanent, 
determination of, 37 

„ temporary, „ 36 

* » soap-solution 

method, 40 

Hempel’s apparatus for 
gas analysis 490 


High speed steel, analy- ^ 
sis of, 1 64 

Hydrazine hydrochlo- 
ride, use of, 244 

Hydrogen ion concent- 
ration 17 

8— Hydroxy quinoline, 
use of, 370 
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Ignition of ptecipitates, 
supporting crucib- 
les during, 593 

„ of tungstic oxide, 
precautions during,! 67 
lodimetric determina- 
tions, 107 

Iodine number of castor 
oil 554 

„ Solution, standardi- 

J 

Jones’ Reductor 186 

junker’s Gas Calori- 
meter 514 


sation of, 106, 354 
Iron ammonium alum, 
use of, 186 

Iron ore, determina- 
tion of iron in, 53, 61 
Iron ores, table of 
typical analyses, 572 
Iron, separation of, by 
ether, in ferric state,213 f 
,, „by use of zinc oxide 324 \ 

K 

Kjeldahl’s method for 
nitrogen in coal 468 


Laboratory, common 
operations in the, 9 
,, reagents, grades, 21 
Lawrence Smith’s me- 
thod for alkalies 409 
Lead acetate solution, 
use of, 178 

,, chromate, fused, „ 475 
„ determination of, in 
sulphide ore, 361, 363 

Magnesium, determina- 
tion of, in alumin- 
ium alloys - 258 
Magnolia meta1,analysis 
of, 239 

Mahler-Krocker Bomb 
Calorimeter 460 

Manganese, determina 
tion of, in ferro — 
manganese 416 

„ pig iron, steel 

114,119,126 


Lessing’s apparatus for 
carbonisation of coal485 
Lewis Thompson 
calorimeter 451 

Liebig’s method, ulti- 
mate analysis of coal475 
Litharge, use of, ’264 

Lubricating oil, testing 
of, 539 

„ animal oil in, 550 

1 

Manganese, determina- 
tion of, in ore 324 

Marchand tube 477 

Martin’s antidote for 
cyanide poisonirlg 358 
Measuring vessels, 
removal of oil and 
grease from, ^ 9 

Mercttric potassium 
thiocyanate, use of, 255 
sulphate solution, 
use of, 186 
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Mercurous Sulphate, 
catalytic action of, 469 
Methyl orange 30 

Mine air, analysis of, 526 


Molybdenum, aeteiuu- 
nation of, in ferro 
molybdenum 426 

„ in steel 177 

„ trisulphide 180 

N. 


Nessler’s reagent 208 
Nickel, detection of, 
in steel 434 

„ determination 

of, „ 151,155 

„ in' nickel coin 229 

„ separation of, from 

cobalt 367 


Occlusion of lead salts 
by stannic oxide 234 
Oil, soap-thickened, 549 
„ viscosity of, 546 

Oleic acid 539 


Parting 267 

„ „ flasks for, 267 
Pensky — Martens’ 

Apparatus 541 

Pepy’s Gasholder 134, 477 
Perchloric acid, prepa- 
ration of, 415 

Pervanadic acid 437 
Persulphate method 120 
Phenolphthalein,use of, 34 
Phosphorus in coal-ash 466 
„ in ferro — phos 
phorus 431 

„ in (fluorspar 398 
„ in phosphor — 
bronze , 231 

in pig iron and 
steel 87, 90, 96 


Nitrogen in coal. 

determination of, 468 
„ steel „ 207 

oc Nitroso j8 naphthol, 
use of, 161 

Non — ferrous alloys, 
analysis of, 217 

O 

Orsat’s apparatus 510 

Oxidising power of 
nitre 280 

Oxygen, determination 
of, in flue-gases 499,520 


„ use of, in gas 
analysis 508 

/)H — value, object of 
control, in analysis 17 
Pig iron, grades of, 573 
Pig lead, analysis of, 260 
Platinum apparatus,' 
care of, 14 

Potassium antimony! 
tartrate solution, 
use of, 241 

„ bisulphate, use of, 15 
Potassium bromate, use 

of, 240 

„ chloroplatinate 411 
„ chromate ^ 447 

„ dichromate, stan- 
d ard solution of, 62 
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otassium feriicyaaide, „ pyrogallate, alka- 

indicator . 62 line, use of, 497 

„ ferrocy anide, stand- „ sulphate, use of, 468 

ard solution of, sul'phocyanide 

220, 351 (thiocyanate) 183 

Q 

Quinalizarin, use of, 371 Quinoline, 8 — hydrdxy, 

use of, 258 

R 


Radiation losses, com- 
pensation for, 453 

Railway materials, spe- 
cifications for, 581 

Reducing power of 

charcoal 273 

Reich’s method fo r sul- 
phurdioxide in 


Sampling 557 

,, of blister, refined etc. 

copper 559 

„ of coal 565 

„ Indian Coal Gra- 
ding Board method 
of, 566 

,, gold and silver, 559 
iron at 'the Blast 
Furnace 559 

Sampling of iron ore 561 
„ manganese ore 567 

„ steel 557 

„ pipe'tte 522 

Schotter’s apparatus for' 

COg in ores 303 

Scorification assay 282 
Selenium, use of, 
as catalyst 470 

Sieve openings and wire 
diameters, Ametican 591 


roast gases 526 

Reverberatory furnace 
slag, analysis of, 389 
Roasting dish 265 

Rose’s method for 

vanadium 319 


Rothe’s mixture 424,431 

Sieves, standard. Instit- 
ution of Mining and 


Metallurgy 592 

Silicon, determination of, 
in ferro — silicon, 422 
' ,, in pig iron, 85 

„ in steel, 88 

Silver in a silver coin 293 
Sintered Jena glass 

crucibles 21 

Slag, analysis of, acid 

open hearth, 385 

,, basic ,, 381 

„ blast furnace, 376 

,,‘copper converter,389 
„ dump 388 

„ lead blast ifurnace, 393 
,, refinery furnace, 
(copper) 391 
Slags, table of typical 
> analyses of, 576 
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Slow combustion 
method tor hydrogen 
and methane 507 

Sodium bicarbonate 

use of, 29, 354 

Sodium bismuthate, 

use of, 124,439 

Sodium carbonate, 

use of, 25, 270 

Sodium metatitanate 437 
,, tetrathionate 106 
,, thiosulphate, standa- 
rdisation of, 105 
Soft Solder, analysis of,233 
Specific gravity of the 
common acids, table of,570 
Spelter, analysis of, 260 
Stains on clothing and skin, 
methods for removal of,601 


Tannin, use of, 363 

Telluride ores, charge 
for, 285 

Temporary hardness of 
water 36 

Tetrahydroxy anthra- 
quinone, use of, 371 
Tin. determination of, 
in tin ore, dry 
method 357 

„ wet method 362 
„ in white 

metal, 234, 241 
Titanium, detection of, 
in iron ore, 305 

„ determination of,310 

U 


Standardisation of iodine 
solution 106,354 
,, potassium dichrom- 
ate solution, 62 

,, of potassium perman 
ganate solution, 50 
Stannic oxide 222 

Stannous chloride, 

solution of, 62 

Steels, composition of, 
for different uses, 573 
Sulphur, determination 
of, in coal, 448 

Sulphur,determination 
of,in pig iron and 
steel, 100,103,111 
Sulphur dioxide in roast 
eases, determination 
of, 524 


,, in steel 196 

Tolerances of, in measu 
ring vessels, flasks, 
burettes, etc. 8, 9 

Tones, different kinds 
of, . 267 

Tungsten, detection of, 
in steel, 436 

„ determination 
of, in ferro — tung- 
sten 429 

Tungstic oxide, test for 
the presence of, in 
tin ore, 356 

Type metal, table of' 
analysis of. 


578 


Ultimate analysis of 
coal * ..^470 


Uranyl nitrate, use of, 
as indicator, 220 

Useful constants 595 
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Vanadium, detection of, 
in steel 436 

Vanadium, determination 
of, in ferro — vana- 
dium, 425 

. „ in ore, 314 

„ in steel 164,173 


„ in the presen- 
ce of molyb- 
denum 186 
Varnish, acid proof, for 
working benches 602 
Viscometer, Redwood, 547' 
Volhard’s method 324 

W 


Water, determination 
of chlorine in, 46 

„ retesting of, 

softened, 44 

„ solubility of 

salts in, 571 


Zimmermann — Reinha 
rdt reagent 59 

Zinc ammonium phos- 
phate 218 

Zinc blende,analysis of, 349 
„ determination 
of, in alumini- 
um alloys 254,255 


Weights of material for 
analysis, choice of, 12 

Weights, box of, 7 

Winchester quart 

bottle, opening of, 23 

Z 

t „ in copper 

alloys 21 8 

„ oxide, use of, 324 
Zinco-cyanide, deter- 
mination of, 301 ■ 

Zinc sulphate, use 

of, 325 

„ sulphide 330* 








